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ANTIVIRAL AGENTS FOR TREATMENT OF FLA VIVIJUDAE INFECTIONS 



Field OF THE Invention 

The present invention includes compounds and methods for the treatment of 
Flaviviridae infection such as bovine viral diarrhea virus CBVDV"), West Nile Virus 
5 (WNV) and hepatitis C viius (HCV). This application claims priority to U.S. provisional 
application 60/256,066 filed on December 15, 2000. Part of this work was supported by 
NIH-SBIR grant: 1 R43 CA88578. 

Background OF THE Invention 

The Flaviviridae is a groi?) of positive single-stranded RNA viruses wife a 
1 0 genome size from 9-1 5 kb. They are enveloped viruses of approximately 40-50 nm. An 
overview of the Flaviviridae taxonomy is available from the International Committee for 
Taxonomy of Viruses. The Flaviviridae consists of three genera. 

1. Flaviviruses: This genus includes the Dengue virus group (Dengue virus, 
Dengue virus type 1, Dengue virus type 2, Dengue virus type 3, Dengue 

j5 virus type 4), the Japanese encephalitis virus group (Alfixy Virus, 

Japanese encephalitis virus. Kookaburra virus, Koutango virus, Kunjin 
virus, Murray Valley encephalitis virus, St. Louis encq)halitis virus, 
Stratford virus, Usutu virus, West Nile Virus), the Modoc virus group, 
the Rio Bravo virus group (Apoi virus, Rio Brovo virus, Saboya virus), 

20 the Ntaya virus group, the Tick-Dome encephalitis group (tick bom 

encephaHtis virus), the Tyuleniy virus group, Uganda S virus group and 
the Yellow Fever virus group. Apart from these major groups, there are 
some additional Flaviviruses that are unclassified. 

2. Hepaciviruses: This genus contains only one species, the Hepatitis C 
25 virus (HCV), which is composed of many clades, types and subtypes. 
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3. Pestiviruses: This genus includes Bovine Viral Diarrhea Virus-2 (BVDV- 
2), Pcstivirus type 1 (including BVDV), pestivirus type 2 (including Hog 
Cholera Virus) and pestivirus type 3 (including Border Disease Virus). 

One of the most important mavivmdae infections in humans is caused by the 
hepatitis C virus (HGV). This is the second major cause of viral hq)atitis, with an 
estimated 170 million carriers world-wide (World Health Organization; Hepatitis C: 
global prevalence, Weekly Epidemiologicat Record . 1997, 72, 341), 3.9 million of 
whom reside m the United States (Centers for Disease Control; unpublished data, 
hap://www.cdc.gov/ nddod/diseases/hepatitis/heptabS Jitm). 

The gcnotnic organization of the FZawWr/iae share many common features. The 
hepatitis C virus (HCV) genome is often used as a model. HCV is a small, enveloped 
virus with a positive single-stranded RNA genome of -9.6 kb within the nucleocapsid. 
The graiome contains a single open reading frame (ORP) encoding apolyprotdn of just 
over 3,000 amino acids, whidi is cleaved to generate the mature stractural and 
nonstructural vital proteins. The ORF is flanked by 5' and 3' non-translated regions 
(NTRs) of a few hundred nucleotides in length, which are important for RNA translation 
and replication. The translated polyprotein contains the strucmral core (C) and envelope 
proteins (El, E2. p7) at the N-tenninus. followed by the nonstructural proteins (NS2, 
NS3, NS4A, NS4B, NS5A, NS5B). The mature structural proteins arc generated via 
cleavage by the host signal peptidase {see: Hijikata, M. et al. Proc. Nat. Acad. Sci.. 
USA, 1991. 5*, 5547; Hussy, P. et al Virology, 1996, 224, 93; Lin. C. et al. I. Virol., 

1994, 68, 5063; Mizushima, H. et al. J. ViroL , 1994, 68, 2731; Mizushima, H. et al J, 
Virol. . 1994. 68, 6215; Santolini, E. et ai J. ViroL . 1994, 68, 3631; Selby. M. J. et al. 
Virology, 1994, 204, 114; and Grakoui, A. et al. Proc. Nat. Ac ad. Sci., USA. 1993. 90, 
10538). The junction between NS2 and NS3 is autocatalytically cleaved by Uie 
NS2/NS3 protease {see: Hijikata, M. et al. J. Virol , 1993, 67, 4665 and Bartenschlager, 
R. et al. J. Virol., 1994, 68, 5045), while the remaining four junctions are cleaved by the 
N-teiminal serine protease domain of NS3 complexed with NS4A (jee:'FaiIla, C. w oZ. J. 
Virol.. 1994. 68, 3753; Lin. C. et al. J. ViroL . 1994. 68, 8147; Tanji, Y. et al. LYkoi, 

1995, 69, 1575 and Tai, C. L. et al J. ViroL . 1996, 70, 8477). The NS3 protein also 
contains the Nucleotide Tri-Phosphate-dependent helicase activity ' which imwinds 
duplex RNA during replication. The NS5B protein possesses BM-dependent RNA 
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polymerase (RDRP) activity {see: Behrens, S. E. et al EMBO J. , 1996, /i, 12; 
Lohmam; V. et al J. Virol ., 1997, 71, 8416-8428 and Lohmann, V. et al Virology, 
1998, i^i^, 108), which is essential for viral replication (Ferrari, E. et al J. ViroL , 1999, 
73, 1649). It is emphasized here that, unhke HBV or HIV, no DNA is involved in the 
replication of HCV. Recently in vitro experiments using NS5B, substrate specificity for 
HCV-RDRP was studied using guanosine S'-monophosphate (GMP), 5' -diphosphate 
(GDP), 5'-triphosphate (OTP) and the 5'-triphosphate of 2'-deoxy and 2',3'-dideoxy 
guanosine (dGTP and ddGTP, respectively). The authors claimed that HCV-RDRP has a 
strict specificity for ribonucleoside 5 '-triphosphates and requires the T- and 3 '-OH 
groups (Lohmann; Virology , 108). TTieir experiments suggest that the presence of 2'- 
and 3'-substituents would be the prerequisite for nucleoside 5 '-triphosphates to interact 
with HCV-RDRP and to act as substrates or inhibitors. 

Examples of antiviral agents that have been identified as active against the 
hepatitis C flavivirus include: 

1 . mterferon and ribavirin (Battaglia, A. M. et al. Ann. Pharmacother . 2000, 34, 
487; Bercngucr, M. et al Antivir. Thcr. 1998, 3 (Suppl. 3). 125); 

2. Substrate^based NS3 protease inhibitors (Attwood et al PCX WO 98/22496, 
1998; Attwood et al Antiviral Chemistry and Chemotherapy 1999, 10, 259; 
Attwood et al. Gennan Patent Pub. DE 19914474; Tung et al PCT WO 
98/17679), including alpha-keto-amides and hydrazinoureas, and inhibitors 
that terminate in an electrophilc such as a boronic acid or phosphonate 
(Llinas-Brunet et. al. PCT WO 99/07734). 

3. Non-substrate-based inhibitors such as 2,4,6-trihydroxy-3-nitro-benzamide 
derivatives (Sudo K. et al Biochemical and Biophysical Research 
Commumcations, 1997, 238, 643 and Sudo K. et al Antiviral Chemistry and 
Chemotherapy 1998, P, 186), mcluding RD3^082 and RD3-4078, the former 
substituted on the amide with a 14 carbon chain and the latter processing a 
pflTfl-phenoxyphenyl group; 

4. Thiazolidine derivatives wliich show relevant inhibition in a reverse-phase 
HPLC assay with an NS3/4A fusion protein and NS5A/5B substrate (Sudo K. 
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el al. Antiviral Research 1996, 32. 9), cspcciaUy compoimd RD-1-5250, 
■ possessing a fUsed cimamoyl moiety substituted with a long alkyl chain, RIM 
6205 and RD4 6193; • 

5. ThiazoUdines aaid benzaniKdes identified in Kakiuchi ti. et al. J. BBS Letters 
5 ^7 f oi 7 Tc^v^chit^ Tsj nl. Anal ytical Biochemistry 1997, 247. 242; 

6. A phenanthrenequinone possessbg activity against HCV protease in a SDS- 
PAGE and autoradiography assay isolated from the fennentation culture broth 
of Streptomyces sp., Sch 68631 (Chu M. et al. Tetrahedron Letters 1996, 37, 
7229). and Sch 351633. isolated from the fungus Penicillium griscofuluum, 

' which demonstrates activity in a scintillatioD proximity assay (Chu, M. et al. 

Bioorganic and Medicinal Chemistry Letters 9, 1949); 

7. Selective NS3 inhibitors based on the macromolecule elgm c, isolated from 
leech (Qasim, M. A. et al. Biochemistry 1997, 36,1 598); 

8. HCV helicase inhibitors (Diana, G. D. et al. U.S. Patent No. 5,633,358 and 
15 Diana, G.D. fit a/. POT WO 97/36554); 

9. HCV polymerase inhibitors sudi as nucleotide analogues, gKotoxin OFerraii, 
R. et al. Journal of Virology 1999, 73, 1649), and the natural product 
cemlenin (Lohmann, V. ei al. Virology 1998, 249, 108); 

10. Anrisense pbosphorothioate oligodeoxynucleotidcs (S-ODN) complementary 
20 to sequence stretches in the 5' non-coding region (NCR) of the HCV (Alt. M. 

et al. Hepatology 1995, 22, 707), or nucleotides 326-348 comprising the 3' 
end of the NCR and nucleotides 371-388 located in the core coding region of 
the HCV RNA (Alt, M. et al. Archives of Virology 1997, J 42, 589 and 
Galdeiisi, U. et al. Journal of Cellular Physiology 1999, 81 :2151); 

25 11. Inhibitors of IRES-dcpcndcnt translation (Dceda, N et al. Japanese Patent 

Publication JP-08268890; Kai, Y. ef al. Japanese Patent PubUcation JP- 
10101591); 
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12. Nuclcasc-rcsistant ribozymcs (Macqjak, D. J. et al. Hepatology 1999, 30, 
' abstract 995); and 

13. Other miscellaneous compounds including l-amino-alkylcyclohexancs (Gold 
et al. U.S. Patent No. 6,034,134), alkyl lipids (Chojkier & al U.S. Patent No. 

5 5,922,757), vitamin E and other antioxidants (Chojlciar et al U.S. Patent No; 

5,922,757), squalene, amantadine, bile adds (Ozeki ei al U.S. Patent No. 

5,846,964), N-(phosphonoacetyl)-L-aspartic acid, (Diana et al U.S. Pateat 

No. 5,830,905), benzenedicaiboxamidcs (Diana et al U.S. Patent No. 

5,633,388), polyadenylic add derivatives (Wang el al U.S. Patent No. 
jQ 5,496,546), 2',3'-dideoxyinosine (Yarchoan et al U.S. Patent No. 5,026,687), 

and benzimidazoles (Ctoladno e< fl/. U.S. Patent No. 5,891,874). 



Inosine Monophosphate Dehydrogenase (IMPDH) Inhibitors 

The nicotinamide adenine dinuoleotide (NAD)-dependent catalysis of the 
conversion of inosine-S'-monophosphate (IMP) to xanthosine-S'-monophosphate (XMP) 

15 by the enzyme IMPDH is the rate Hmiting step in the de novo pathway of guanosine 
biosynthesis. Rapidly proliferating cells and/or viral infections are heavily dependent on 
the availability of large nucleotide pools to meet thdr metaboKc requirements. 
Compounds blocking this de novo biosynthesis pathway will act selectively on these ceD 
types and leave the other ones substantially unaffected. For example, nucleotide pool 

20 production via the salvage pathway alone is suffident for neural cell and Iddney-lissue 
cell proliferation but not for lymphocytes or cancer cdls (Allison, A.C., Eugui, E.M. 
Transplant Proc., 1994, 26, 3205). As a consequence of these cell requirements, 
IMPDH inhibition is a recognized target for immunosuppression, anti-cancer treatment 
and viral chemotherapy. The biochemical mechanism and structural aspects of 

25 enzymatic catalysis and inhibition have been recently reviewed (Hedstrom, L. Curr. 
Med. Chem., 1999. 6, 545; Goldstem, B.M:, Colby, TD. Cuir. Med. Chem., 1999, 6, 
519). 

Th«e are currently three IMPDH inhibitors on the maricet The nucleosides 
Ribavirin and Mizoribine (Bredinin) are used clinicafly as antiviral and 
30 immunosuppressive drugs, respectivdy. The non-nucleoside agent mycophenolate 
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mofelil (MMF) is an immunosuppressant used in combmation with calcineurin inhibitors 
such as cyclosporin A or FK-566 in many treatment regimens for the prophylaxis of 
transplant fgection (Mele, T.S., Halloran, ?.!■ Inmiunophannacx)logy, 2000, 47, 215). 
These IMPDH inhibitors are typically not used in monotherapy because their efficacious 
5 dosing is limited by adverse events, in particular GI or bone manow toxicity. These 
toxicities result cither from lack of enzyme specificity or unfavorable pharmacokinetics. 

The nucleosides require metabolic activation to the conresponding 5'- 
monophosphates, which competitively bind to the nucleotide site of IMPDH (IMP). 
Because nucleotide-binding domains are conserved among many cnTymes, the action of 
10 Ribavirin and Mizoribin is not IMPDH specific. Ribavirin's interaction with guanme 
monophosphate reductase, guanine phosphoribosyl transferase, dcoxycytidine kinase and 
thymidine kinase has been reported (Prajda, N., Hata, Y., Abonyi. M., Singhal, R.L., 
Weber. G. Cancer Res., 1993, 53, 5982). Moreover, these two compounds can be further 
phosphorylated which aDows their interference with additional enzymes or their 
15 incorporation into DNA The reported reversible myelotoxicity of Ribavirin in man is 
typical of cytotoxic drugs (Canonico. P.G.. Kastello, MD., Spears C.T., Brown, JJl., 
Jackson, EA., Jenkins, D.E. Tox. Appl. Pham.., 1984. 74, 155). No toxicology data 
based on clinical practice with Mizoribin is publicly available (Ishikawa, H. Curr. Med. 
Chem., 1999. 6, 575). See also Pankiewicz, K.P. Exp. Opin. Ther. Patents, 1999, 9, 55. 
20 The non-nucleoside drug mycophenolate mofetil (MMF) is a prodrug of the 

fimgal agent mycophenolic acid (MPA); a highly potent, selective, reversible, 
noncompetitive IMPDH inhibitor binding at the enzyme's NAD binding site. The 
favorable activity profile of MMF does not translate into a compound with high clinical 
efficacy or. large therapeutic index. For example, the suppressive effect of MMF on 
25 cancer cell lines could not be confirmed in vivo (Tressler, R.J., Garvin, L.J., Slate, DX. 
InL J. Cancer, 1994, 57, 568). The relative efficacy of MPA administered on a 
compassionate-use basis (mean oral dose: 3.7 g/d for the first year followed by 3.0 g/d 
for >10 years) to psoriasis patients refractory to conventional therapy was limited by a 
high incidence of GI toxicity (in 72% of patients during first year) (Epinette, W.W., 
Paiker, CJVI.. Jones, EX., Greist, M.C. J. Am. Acad. Denn.. 1987. 17. 962). Significant 
clinical improvement has been seen in many MMF-treated rheumatoid arthritis (RA) 
patients refractory to other disease-modifying anti-rhcumatic drugs. Administration of 2 
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10 



gfd orally b.i.d reduced rheumaioid factor titlers in patient peripheral blood (IgG, IgM, 
IgA titters T-cell number). However, in spite of the low dose used in comparison to the 
one employed in the psoriasis tial, Gl adverse-effects were again of concern 
(Grundmann-Kolhnami, M., Mooser, G., Schraeder, P., Zollner, T., Kaskel, P., 
Ochscndort F., Boehncke, W.H., Kcrscher, ML, Kaufinann, R., Peter, R. J. Am. Acad. 
Derm., 2000, 42, 835; Goldblum, R. Clin. Exp. Rheumatol., 1993, 11 (Suppl 8), SI 17). 
The only indication for which MMF has been approved (2- and 3 gfd given orally b.i.d) 
is for the prevention of solid transplant organ rejection (Male, T.S., Halloran, P.F. 
Immimopharmacology, 2000, 47, 215; European Mycophenolate Mofetil Co-operative 
Study Group. Transplant. Proc, 1997, 29, 2932). In addition to the presence of GI 
adverse effects, a new finding of leukopenia was also observed (Holt, CD., Sievers, 
T.M., Ghobrial, R.M.. Rossi, S.J., Goss, J.A.. McDiamiid, S.V. BioDrugs, 1998. 10. 
373). In spite of its narrow therapeutic index, MMF is widely being used in 
immunosuppressive regimens for organ transplantation because of the documented 
15 substantial reduction of the incidence and intensity of acute organ loss in this life-saving 
indication. 

Numerous pharmacokinetic (PK) mvestigations have established that MP A, the 
bioactive component resultmg after the rapid and complete en2ymatic hydrolysis of 
orally administered MMF, undergoes extensive enterohepatic recirculation (EHC) 
20 (Bullingham. R.E.S., NichoUs, A., Hale, M. Transplant. Proc, 1996, 28, 925). 
Approximately 80-90% of MPA is efficiently conjugated into the biologicaUy inactive 
glucuronide (MPAG) mainly m the liver. MPAG is then excreted into the bile, de- 
glucuronidated by colonic bacteria and absorbed in the gastrointestinal track (GIT), 
entering the systemic circulation via the portal flow as MPA.- • As a result of this 
25 pronounced EHC, huge concentrations of MPA are present in the GIT resulting in local 
damage to the intestinal epithelium. This process is manifested as symptoms including 
nausea, vomiting, loose bowel movements, abdominal pain and dianhea. As 
demonstrated in renal transplanted patients, the PK parameter most closely linked to the 
pharmacodynamic effect and therapeutic efficacy of MMF is the systemic MPA 
exposure (area under the time-concentratioa curve, AUQ. Consequently, high doses of 
MMF are required to maintain systemic therapeutic levels (Hale, MJ>., Nicholls, A.J., 
Bullingham. R.E.S., Hene, R.. Hoitsma, A., Squifilet, J-P., Weimar. W., Vaiuenterghem, 



30 



7 



wo 02/48165 



PCT/USOl/49231 



Y., Van do Woodc. F.J,. Vcrspootco, G.A. Clin. Phannacol. Ther., 1998, 64, 672; Sliaw, 
L.1VL. Soliinger, H.W., Halloran, P., Moiris, R.E., Yatscoff, R.W., Ransom, J., Tsina, 1., 
Keown, P., Holt, D.W,. Liebeiman, R.. Jaklitsch, A., Potter, J. Ther. Drug Monit, 1995, 
17, 690). Any process that would tend to decrease the systemic concentration of MPA 
wiU also decrease the therapeutic efficacy of MPA. Therefore, it is reasonable to assume 
that the reported lack of anti-cancer activity of MPA in vivo can be attributed to its rapid 
removal from the circulation via drastic glucuronidation by cancer cells (Franklin, T.J., 
Jacobs, v., Jones, G., Pie, P, Bruneau, P. Cancer Res., 1996, 56, 984). 

The replacement or protection of the phenolic group to avoid glucuronidation, the 
modification of the phthalidc ring or the replacement of the lactone oxygen was found to 
be detrimental for potent IMPDH inhibition. Among the numerous derivatives 
synthesized, the substitution of the methoxy group by an ethyl chain provided a two-fold 
higher in vitro and 3.5-fold higher in vivo potency in the murine plaque-forming assay 
than MPA (Nelson, P.H, Carr, S.F., Devens, B.H., Eugui, E.E., Franco. F.. Gonzalez, C, 
Hawley, R.C., Loughhead, D.G., Milan, D.J., Papp, E., Patterson, J.W.. Rouhafea, S., 
Sjogren, E.B., Smith, D.B., Stephenson, R.A., Talamas, F.X., Waltos, A-M., Weikert. 
R.J., Wu, J.C. J. Med. Chem.,1996, 39, 4181). 

The enzymatic activity was also very sensitive to alterations of MPA's hexenoic 
diain. While , the large majority of these alterations led to cranpounds of limited 
biological utility, some interesting MPA derivatives were produced (Nelson, PH., Eugui, 
E., Wang, CO., AlUson, A.C. J. Med. Chem., 1990, 33, 833). For example, the 
confoimationally restricted cyclopentenyl analogue inhibited IMPDH with an ICjo of 
8nM versus 20nM for MPA due to the entropic energy gained by locking MPA into its 
bioactive confomiation (Ariis, D.R. et al. WO 95/22538). However, the presence of the 
phenolic function responsible for enterohepatic recirculation, suggests that, in spite of 
their minor superior potency, no considerable improvement in the therapeutic indexes of 
these two inhibitors can be expected. Additionally, MPA derivatives carrying at the 
hexenoic side chain either a-substituents (benzyl, thiomethyl, methoxymethyl, p- 
hydroxyphenyl, trifluofoacetamido-phenyl) or a methyl at the e-position were shown to 
be less susceptible to glucuronidation as assessed using the HT29 cell Une which rapidly 
transforms MPA to MPAG. However, their in vitro efiBcacy was greatly reduced with 
the exception of the racemic methoxymethyl derivative, which manifest 29% higher in 
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vUro activity than MPA (Franklin, TJ., Jacobs, VX, Jones, G., Pie, P. Drug Metab. 
Disp.,.1997, 25, 367). This racemic compound is twice as resistant to glucmonidation as 
MPA. • • 

In contrast to the struduie-adivity relationships that can be ratjonaUy inte^ 

5 based on the architecture of the conq)lex between MPA and IMPDH, the reasons for the 
resistance of some phenolic compounds to glucuronyltransfcrases are unclear (Sintchak, 
MD.. Fleming. MA.. Filter. O.. Raybuck. SA., Caiambers, SJ?, Caron, PJL, Murcko, 
M.A., Wilson, K.P. Ccli; 1996, 85. 921, Colby, TD.. Vandcrveen, K.. StricMer. M.D.. 
Maiidiam. G.D., Goldstein, BJ^d. Proc. NaL Acad. V.SA., 1999, 96, 3531). It has been 

10 . suggested that the additional substituaits lead to unfavourable staric interactions with the 
enzyme's active site (Fianklin, T.J., Jacobs, V.N., Jones, G., Pie, P. Drug Metab. Disp., 
1997,25,367). 

In addition to the extensive work aimed at inqaoving the proffle of MPA, a recent 
approach to increase its thtaapeutic index by influendng the severity of the adverse 

15 effects through an alternative galenic formulation has been reported. The sodium salt of 
MPA (MPS), in an entaic coated deKvery form, coded as ERL080, is cunently in phase 
m clinical studies for the prevention of acute renal allograft rejection (Haeberlin, B. et 
al. WO 9738689). This novel formulation is expected to rdeasc the drug in or near the 
small mtestine and thus aUeviate flie advose effects of MPA related to high local 

20 concentrations in the upper GIT such as anorexia, abdominal pain, nausea or vomiting. 
The functioning enteric coating of ERL080 was apparent based on the delayed MPA 
T„Bx measured in PK studies carried out in renal transplanted patients (2.0 versus 0.8 
hours for MMF) (Schmouder, R., Ami; W., Merkel, F.. Schoudrhury, S., Russel, D., 
Taccard, G. Transplantatioii, 1999, 67(Suppl.), S203). Indeed, the ERL gastro-resistant 

25 tablets were isqjidly absorbed upon oral administration, leading to systemic MPA 
exposure Woequivalent to that of MMF capsules. This study also clearly showed that a 
MPA prodrug form such as MMF is not necessary for the efBcient systemic dehveiy of 
MPA via the oral route. 

Another formulation claimed to improve the therapeutic range of anti- 
30 jHoliferative drugs undergoing EHC, consists of the combination of MMF or MPA with 
cholestyramine (Lmdner, J., et al. WO 0033876). Cholestyramine is. a non-absoibable, 
cationic resin fliat unspccifically binds bile-acids and aiqr large-azed acidic drug such as 
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MPA and thus blocks the recycling of tiie parent compound via the EHC route. When 
cholestyramine was administered to healthy subjects receiving single doses of MMF, 
exposure to MPA was significantly decreased (mean reduction 37%), this result being 
consistent with a strong EHC process (Bullingham, R.E.S., Nicholls, A., Hale, M. 
Transplant Proc, 1996, 28, 925). Taking into account the established conflation 
between MPA's pharmacological effects and systemic AUG, a formulation allowing the 
co-delivery of cholestyramine and MMF would be expected to drastically lower MPA 
AUG and, consequently, the efficacy of MPA (Hale, M.D., Nicholls, AJ., Bullingham, 
R.E.S., Bene, R., Hoitsma, A., Squifflet, J-P., Weimar, W., Vanrenterghem, Y., Van de 
Woude, FJ., Verspooten, OA. Clin.. Pharmacol. Ther., 1998, 64, 672; Shaw, L.M., 
Sollinger, H.W., HaUoran, P., Morris, R.E., Yatscoff, R.W., Ransom, J., Tsina, I., 
Keown, P., Holt, D.W., Lieberman, R., Jaklitsch, A., Potter, J. Ther. Drug Monit., 1995, 
17, 690). No pharmacological data resulting from the above combination treatment has 
been reported. 

U.S. Patent No. 4,686,234 describes various derivatives of mycophenolic acid, 
their synthesis and uses m the treatment of autoimmune disorders, psoriasis, and 
mflammatory diseases, including, in particular^- rheumatoid arthritis, tumors, viruses, and 
for the treatment of allograft rejection. 

On May 5, 1995, Morris et al., in U.S. Patent No. 5,665,728, disclosed a method 
of preventing or treating hypoproliferative vascular disease in a mammal by 
administering an antiproliferative effective amount of rapamycin alone or in combination 
with mycophenolic acid. 

It is an objective of the present invention to provide conipounds, compositiOTis 
and methods for the treatment or prophylaxis of immunological disorders, proliferative 
diseases and viral infections in a host. 

In addition, m view of the severity of the ilhiesses associated with Flavmridae 
infections, and their pervasiveness in animal and man, it is another object of the present 
invention to provide compounds, compositions . and methods for the treatment or 
prophylaxis of Flaviviridae infections in a host. 
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Summary of Invention 



The present invention provides compounds, compositions and methods for the 
treatment or prophylaxis of an inmiunologica] disorder, abnormal cellular proliferation or 
viral infection, and in particular a flav/wndfl^ infection, including an HCV or a BVDV 
infection, in a host comprising administering an effective agent of the foimula (J): 



S| OH OH 



R^ 



. O-P-X-P-O-R 
^ II 11 • 
O 0 



(I) 

01 its phaimaceutically acceptable salt or prodrug thereof; wherein 



Ris 



OH OH 
(DO 



OH OH 

m 




O or 




CV) 



X is oxygen, sulfur, methylene, monoflutxrometbylene or difluoromcthylenc; 
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Y is hydrogen, halogen (F, Q, Br, I). NHj. NHR'. NR'TR'. NHOH. NHOR^ 
ffflNHj. ^^l*^W2, NHNHR', SH, SR*, OH or OR*; 

Z is hydrogen, halogen (F. Cl. Br. I). NH2. NHR*. NR'R^ NHOH. NHOR». 
NHNHj. >JR*NH2. NHNHR*. SH. SR*. OH. ORV 

W'-W* are same or differait, and ind^endently mefliyne (-CH=), azomethyne 
(-N=) or sulfur, 

W^-W* are same or differoit, and independently methyne (-CH=) or azomethyne 

(-N=); 

R*. R*. R' and R* are independtatly l^drogen, hydroxy] or fluorine; 
R* is halogen (F. CI, Br, I), CN, CONH2. C02Me. COzEt or CO2H; and 

R*. R^ R* and R' are independently a lower alkane or alkene of 1, 2, 3, 4, 5 or 6 
carbons or aryl or aialkyl such as unsubstituted or substituted phenyl or benzyl. 

In one embodiment of the present invention, the contpound of the general 
fonnula 00 is specifically not tiazole-4-carboxamide adenine dinucleotide (TAD) or 
benzanride adenine dinucleotide (BAD). 

In addition, truncated compounds chemically modified as discussed below in. 
order to improve their activity, and in particular antiviral activity, and/or decrease their 
toxicity are also provided. In particular, the present invention also provides compounds 
wherein the molecular structures are composed of parts (fragments) of compounds of 
fomiula 00, e.g. C2-, C4-, and C6-myccqAenolic alcohols, as well as nqrcoiAenolic 
alcohols modified by simple oxidation to the conesponding aldehyde or caiboxylic acid 
derivatives, for example, the following: 
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or its phannaceutically acceptable salt or prodrag, wherein each R'" and R" is 
independently hydrogen, alkyl, acyl, benzyl or methoxymethyl (MOM) group, and each 
R" is independently hydrogen, alkyl or aiyl. 



These compounds can be modified by replacement of the alcohol, aldehyde or 
caiboxyl grotqj with the corresponding sulfonyl orphosphoiyl functional group. 



u 




0 CH3 0 0 






0 CH3 

CHjCC 


OR^'O 
.CH3 


0 0 R«> p 

CH3 

C2-MPA-0-Mesyl (R»«- Hj R" - CH,} 


0 

6 


CH3 
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or its phamaccuticaUy acceptable salt or prodrug thereof, wherein R^** and R^^ 
are as defined above, and R^^ is lower alkyl (ix. a Cu C2, C3, C4, C5 or C6 alkyl), lower 
aBcenyl (i.e. a C2, C3, C4, C5 or Ce alkenyl). lower alkynyl (i.e. a C2, C3, C5 or 
alkynyl) or a C3-C8 cycloalkyl. 



The parent mycophenolic alcohols can also be reduced to the corrcsponding aDcyl 
derivatives or dehydrated to the alkenyl or alkynyl derivatives. Non-limiting examples 
include the following: 





CH3 * 


0 R~o 




CH3 0 0 












CH3 

M>copfcencdiflne (R*" ° H) 


(IH3 

Mycoplen-a^thylfautane (R'" « H) 




CHa 

Mycopliav3-inediyltieniie (R** » £ ^ 




0 R"o 




CH3 














CHaO^ 








CH3 


C3-Myeapbaietbene (R'*« beniyl) 




MycophenlMxcne (R**- H) 



or its pharmaceuticaUy acceptable salt or prodrug thereof; wherein R*® is as 
defined above. 
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Truncated compounds can be composed of larger fragments such as 
bis(phpsphonatc) analogues of mycophcnolic alcohols. These compounds may be 
modified by coupling with another mycophenolic alcohol derivative to give a dimer, e.g. 
bis-C2MPAlcbis(phosphonate), such as the following: 




C4-Nff Alco]iol-cftylenefais(jpt»spliisBite) 




or its phaimaceutically acceptable salt or prodrug thereof, wherein X, R^^ and R^^ 
are as defined above. 

The truncated compounds can also be nucleosides such as tiazofiirin, bcnzattiide 
1 0 riboside, C-nicotinamide riboside or F-ara-purines (such as F-ara-A). 




benzaniide riboside C-mcotmamide 

riboside 



or its phamaceutically acceptable salt or prodrug, wherein R can be hydrogen, 
acyl or silyl. 
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In a preferred embodiment of the invention, the compounds can be administered 
in the form of an ether lipid. Alternatively, the phosphonates and phosphoryb can be 
administered in the fonn of stabilized phosphate or phospholipid. 

5 The present invention includes at least the following features: 

a) a compound for the treatment or prophylaxis of a Flaviviridae infection; 

b) a process for the preparation of the effective agents described herein, flieir 
pharmacButically acceptable salts and prodrugs thereof 

c) a phaimaceutical composition that includes an efBective amount of an agent as 
10 described herein, or its pharmaceutically acceptable salt or prodrug fliereof together 

with a pharmaceutically acceptable carrier or diluent according to flie present 
mvention for the treatment or prophylaxis of abnormal cellular proliferation and/or 
viral infection, and in particular a Flavtviridae infection, such as an HCV or BVDV 
infection, in a host, and in particular in a human; 

15 d) a phaimaceutical composition that includes an effective amount of an agent as 
described herein, or its pharmaceutically acceptable salt or prodrug thereof in 
combination with one or more other antivirally effective agents, optionally in a 
pharmaceutically acceptable carrier or diluent according to the present invcnti<m for 
the treatment or prophylaxis of abnormal ceUular proliferation and/or viral mfection, 

20 and in particular a Flavtviridae infection, such as an HCV or BVDV infection, in a 

host, and in particular in a human; 

e) a method for the trcatmoat or prophylaxis of abnormal cellular proliferation and/or 
viral infection, and in particular a Flaviviridae infection, including hepatitis C virus 
or BVDV infection, in a host, and in particular a human, comprising admuiistering an 

25 effective amount of an agent as described herein, or its pharmaceutically acceptable 

salt or prodrug thereof^ optionally m a pharmaceutically acceptable carrier or diluent; 

f) a method for the treatment or prophylaxis of abnormal cellular proUferation and/or 
viral infection, and in particular a Flaviviridae infection, including hepatitis C virus 
or BVDV infection, in a host, an m particular a human, comprising administering an ' 

30 effective amount of an agent as described herein, or its pharmaceutically acceptable 
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salt or prodrug thereof in combination or alternation with one or more other 
antivirally cfiFective agaits, optionally in a phannaceutically acceptable carrier or 
diluent; 

g) use of an agent, as described herein, or its phaimaceatically acceptable salt or 
5 prodrug thereof in medical ther^y, i.e. as an antiviral or antiproliferative agent; 

h) use of an agent, as described herein, or its pharmaceutically acceptable salt or 
prodrug thereof, optionally in a pharmaceutically acceptable earner or diluent, for the 
treatment or prophylaxis of abnormal cellular proliferation and/or viral infection, and 
in particular a Flaviviridae infection, such as an HCV or B VDV infection, in a host, 

10 and in particular in a human; 

i) use of an agent, as described herein, or its phannaceutically acceptable salt or 
prodrug thereof, optionally in a pharmaceutically acceptable carrier or diluecft, for the 
treatment or prophylaxis of abnormal cellular proliferation and/or viral infection, and 
in particular a Flaviviridae infection, such as an HCV or BVDV infection, in a host, 

15 and in particular in a human, in combination or alternation with one or more other 

antivirally effective agents; 

j) use of an agent, as described herein, or its pharmaceutically accq)table salt or 
prodrug thereof in the manufacture of a medicament for use in medical therapy, Le. 
as an antiviral or antiproliferative agent; 

20 k) use of an agent, as described herem, or its pharmaceutically acceptable salt or 
prodrug thereof, optionally in a pharmaceutically acceptable carri«r or diluent, in the 
manufecture of a medicament for the treatment or prophylaxis of abnormal celhilar 
proliferation and/or viral infection, and in particular a Flaviviridae infection, such as 
an HCV or BVDV infection, in a host, and in particular in a human; and 

25 1) use of an agent, as described herein, or its phannaceutically acceptable salt or 
prodrug thereof, optionally in a pharmaceutically accq}table carrier or dilu^it, in the 
manufacture of a medicament for the treatment or prophylaxis of abnormal cellular 
proliferation and/or viral infection, and in particular a Flaviviridae infection, such as 
an HCV or BVDV infection, in a host, and in particular ui a human, in combination 

30 or alternation with one or more oflicr antivirally efiFective agents. 



17 



wo 02/48165 



PCT/USOl/49231 



In an additional embodiment, a method for the treatment or prophylaxis of a host, 
such as a mammal and in particular a human, hzsing a virus-associated disorder which 
comprises administering to the mammal a phaimaceutically effective amount of one of 
the described antiviral agents or their phaimaceutically acceptable salts or prodrugs 
5 thereof^ is provided. 

In one particular embodiment, a method for the treatment or prophylaxis of a 
Flaviviridae infection, including HCV and BVDV infection, in a host, that includes 
administering an antivirally effective amount of one of the described antiviral agents or 
its pharmaceutically acceptable salt or prodrug thereot optionally in a pharmaceutically 
10 acceptable earner or diluent thereof is .provided. 

In another partictdar embodiment, a method for treatment or prophylaxis of a 
Flaviviridae infections, inchiding HCV and BVDV infection, m a host, that includes 
administering an antivirally effective amount of one of the described antiviral agents or 
its pharmaceutically acceptable salt or prodrug thereof optionally in a phamiaceutically 
15 accq)tablc carrier or diluent, in combination or alternation with one or more other 
effective agent is provided, . 

In an additional embodiment, the use of an effective amount of one of the 
described antiviral agents or their pharmaceutically acceptable salts or prodrug? thereof 
for the treatmwit or prophylaxis of a host, such as a mammal and in particular a human, 
20 having a virus-associated disorder is provided. 

In one particular embodiment, the use of an antivirally effective amount of one of 
the described antiviral agents or its phannaceutically acceptable salt or piodrag thereof, 
optionally in a phannaceutically acceptable carrier or diluent thereof, for the treatment or 
prophylaxis of z Flaviviridae infection, including HCV and BVDV infection, in a host is 
25 provided. 

In another particular embodiment, the use of an antivirally effective amount of 
one of the described antiviral agents or its phaimaceutically acceptable salt or prodrug 
thereof, optionally in a pharmaceutically acceptable carrio" or diluent, in combination or 
alternation with one or more other effective agent for the treatment or prophylaxis of a 
30 Flaviviridae infection, including HCV and BVDV infection, in a host is provided. 
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In an additional embodiment, the use of an effective amount of one of the 
described antiviral- agents or their phanxiaceutically acceptable salts or prodrugs thereof, 
in the manufacture of a medicamenffor the treatment or prophylaxis of a host, such as a 
mammal and in particular a human, having a vims-associated disorder is provided. 

5 In one particular embodiment, the use of an antivirally effective amount of one of 

the described antiviral agents or its phaimaceutically acceptable salt or prodrug thereof, 
optionally in a phannaceutically acceptable carrier or diluent thereof, m the manufacture 
of a medicament for the treatment or prophylaxis of a FlavMridae infection, including 
HCV and BVDV infection, in a host is provided. 

10 In another particular embodiment, the use of an antivirally effective amount of 

one of the described antiviral ?igcnts or its pharmaceutically acceptable salt or prodrug 
thereof, optionally m a pharmaceutically acceptable- carrier or diluent, in combination or 
alternation with one or more other effective agent in the manufecture of a medicament 
for ttie treatment or prophylaxis of a Flavmridae infection, including HCV and BVDV 
1 5 infection, in a host is provided. 

In one embodiment, the antiviral agent has an ECso (effective concentration to 
' achieve 50% viral inhibition) when tested in an appropriate cell-based assay, of less than 
15 micromolar, and more particularly, less than 10 or 5 micromolar. 

While the disclosed compounds are illustrated in P-D or P-L configuration, it 
20 should be understood tiiat any of the compounds described herein can alternatively be 
used in the opposite steieoconfiguration, or a mixture thereof In a preferred 
embodiment, the selected optical isomer is used in substantially pure fom (i.e. 
approximately 95% pure or- greater). For example, any compound iUustrated herein in a 
p-D configuration can also be administered in the p-L configuration, and vice versa. 

25 Flaviviruscs inchided wifliin the scope of this invention are discussed generally in 

Fields Virology, Editors: Fields, B. N., Knipe, D. M., and Howley, P. M., Lippincott- 
Raven Publishers, Philadelphia, PA, Chapter 31. 1996. Specific flaviviiuses include, 
without Umitation: Absettarov, Alfiiy, Apoi, Aroa, Bagaza, Bana, Bouboui, Bussuquara, 
Cacipacore, Caiey Island, Dakar bat. Dengue 1, Dengue 2, Dengue 3, Dengue 4, Edge 

30 Hill Entebbe bat, Gadgets Gully, Hanzalova, Hypr, Ilheus, Israel turicey 
mcningoencephaUtis, Japanese encephalitis. Jugra, Jutiapa, Kadam, Karshi, Kedougou, 
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Kokobcra, Koutango, Kumlinge, Kunjin, Kyasanui Porest disease, Langat, Louping ill, 
Meaban, Modoc, Montana myotis leukoencephalitis, Muiray valley encephalitis, 
Naranjal, Negishi, Ntaya, Omsk hemoirhagic fever, Phnom-Poih bat, Powassan, Rio 
Bravo, Rocio, Royal Farm, Russian spring-suimner encephalitis; Saboya, St Louis 
5 encephalitis, Sal Vieja, San PerUta, Saumarez Reef, Sepik, Sokuhik, Spondweni, 
Stratford, Tembusu, Tyuleniy, Uganda S, Usutu, Wesselsbron, West Nile, Yaounde, 
Yellow fever, and Zika. 

Pcstiviruses included within the scope of this uiventicxi are discussed generally in 
Fields Virology, Editors: Fields, B. R, Knipe, D. M., and Howley, P. M., Lippincott- 
10 Raven Publishers, Philadelphia, PA, Chapter 33, 1996. Specific pestiviruses include, 
* without limitation: bovine viral diarrhea virus C'BVDV"), classical swine fever virus 
C'CSFV," also called hog cholera virus), and border disease virus CBDV"). 

During the course of the development of any RNA-dependent RNA polymorasc 
(RDRP) antiviral agent, the inhibitory eiffect on DNA-dcpendent KNA polymorase 

15 (DDRP) will need to be considered and measured in a senative and reproducible way. 
Therefore, in one embodiment of tiie invention, a method is disclosed that allows 
measuring of small differences in the intra-cellular quantities of the transcripts derived 
from the different DDKPs and RDRP simultaneously. The method is based upon the 
angle-tube RT-PCR using real-time fluorescent technology of the RNA products derived 

20 from the different polymerase enzyme activities. 



Brief DESCMPnON OF THE FIGURES 

Figure 1 is an illustration of the de novo synthesis of guanine nucleotides \ia 
inosine monophosphate dehydrogenase (IMPDH), mediated by the cofactor nicotinamide 
adenine dinucleotide (NAD). 

Figure 2 is an illustration of azole nucleoside isomers that arc generated during a 
condensation reaction as described in Scheme 6. 

Figure 3 is a graphical depiction of tiie effect of mcreased concentration of 
Ribavirin on cell viability, i.e. the cytopatiiic effect of Ribavirin on MDBK cells, . 
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Figure 4 is a graphical depiction of the toxic effects of C2-MAD on Balb/c mice 
over a tm day treatment period. The line indicated by circular points represents the 
effect of water; the square 10 mgAcg/day, the triangle 30 mg/kg/day and the diamond 60 
mg/kg/day. As indicated, the componnd does not contribute to significant weight gain or 
3 loss. 

Figure 5 is an illustration of the increase in plaque forming units with increasing 
concentration of bovine viral dianhea virus CEVDW") in cell culture as described in 
Bcample 15. Figure 5 establishes that the method of Example 15 provides reliable 
quantification of B\a)V over a four log PFU/mL of virus. 

10 Figure 6 is an illustration of the BVDV replication cycle in MDBK cells to 

determine the optimal harvesting time (in hours post infection versus the log of plaque 
forming units CTFIT), i.e. 22 hours after infection, which roughly corresponds to 
approxhnately one repUcation cycle, where the amount of virus produced is equal to the 
amount of virus inoculated into the cell, as desaibed in Example 16. 

j5 Figure 7 is a line graph depicting the inhibition of viral production of various 

concentrations of ribavirin (RIB) and interferon (IFN) relative to no drug over a 4 day 
incubation period. 

Rgure 8 is a bar chart graph showing the ability of certain test compounds to 
inhibit the production of plaque forming units during one repUcation cycle, as described 
20 in Bcample 17 against BVDV. 

Rgure 9 is a dose-response curve for C2-MAD relative to ribavirin (Rib) and 
Tiazofiirin. When comparing intracellular viral RNA reduction, ribavirin is more 
effective ttian C2-MAD, whidi is more, effective flian Tiazofiirin. When comparing 
supernatant viral RNA, a similar pattan is found. 

25 Figure 10 is a bar chart gr^h dqricting the competitive effects of racogenous 

guanosine. The antiviral effect of all the compounds depicted was diminished or 
reversed with the addition of guanosine. indicating that all compounds are conq)etitive 
inhibitors of IMPDH. 
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Detailed Description of the Iuvsktign 

The present invention provides compounds, compositions and methods for the 
ireatoent or prophylaxis of an immunological disorder, abnormal cellular proliferation or 
viral infection, and in particular a fTovmricfae infection, inchiding an HCV or a BVDV 
infection, in a host comprising administering an effective agent of the present invention. 
Preferably, the effective agent selectively irihihits hiosine monophosphate ddiydrogenase 
PIPDH) and/or its cofector, nicotinamide adenine dinucleotide (NAD). The agent can 
inhibit IMPDH by acting as a substrate analog (inosine monophosphate (IMP) analog), 
blocking flie NAD binding site, or acting as an NAD andog. In one embodiment of the 
present invention, the effective antiviral agent does not require in vitro or in vivo 
activation to be an inhibitor. 

In an alternate embodiment of the present invention, the effective antiviral agent 
requires in vitro or in vivo activation to become an inhibitor. Non-limiting examples of 
necessary- activation include phosphoiylatioa, such as with ribavarin and mizoribine 
wherein pho^horylation to the monophosphate is necessary to inhibit IMPDH, or 
conversion into the adenine dinucleotide, as with tiazofiirin and benzamide riboside 
wherein conversion into the adenine dinucleotide TAD and BAD respectively is 
necessary to inhibit IMPDH. 

" The present invention includes at least the followmg features: 

a) a compound for the treatment or prophylaxis of ai^&nwrirfaeinf^ 

b) a process for the preparation 6f the effective agents described herein, their 
phamiaceutically acceptable salts and prodrugs thereof; 

c) a pharmaceutical composition that includes an effective amount of an agent as 
described herein, or its pharmaceuticaUy acceptable satt or prodrug thereof together 
with a pharmaceuticaUy acceptable earner or dihient according to the present 
invention for the treatment or prophylaxis of abnoimal cellular proliferation and/or 
viral infection, and in particular a FUmviridae infection, such as an HCV or BVDV 
mfection. La a host, and in particular in a human; 

d) a phamiaceutical composition tiiat includes an effective amount of an agent as 
described herein, or its pharmaceuticaUy acceptable salt or prodnig thereof in 
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10 



combination with one or more other antivirally effective agents, optionally in a 
phannkccuticany acccptoblc canicr or diluent according to the present invention for 
flie treatment or prophylaxis of abnonnal cellular prolifoBtion and/or viral infection, 
and in particular a Flaviviridae infection, such as.an HCV or BVDV infection, in a 
host, and in particular in a human; 

e) a method for the treatment or prophylaxis of abnonnal cellular proliferation and/or 
viral infection, and in particular a Flavtviridae infection, including hepatitis C virus 
or BVDV infection, in a host, and in particular a human, comprising admmistering an 
effective amount of an agent as described herein, or its pharmaceutically acceptable 
salt or prodrug thereof; optionally in a phaimaceutically acceptable carrier or diluent; 

f) a method for the treatment or prophylaxis of abnormal cellular proliferation and/or 
viral infection, and in particular a Flaviviridae mfection, including hepatitis C virus 
or BVDV mfection, in a host, an in particular a human, compTising administering an 
effective amount of an agent as described herein, or its pharmaceutically acceptable 

15 salt or prodrog thereof in combination or alternation with one or more other. 

antivirally effective agents, optionally in a phamiaceutically acceptable carrier or 
dilurait; 

g) use of an agent, as described herein, or its pharmaceuticaUy accqjtable salt or 
prodmg thereof in medical therapy, i.e. as an antiviral or antiproUferative agent; 

20 h) use of an agent, as described herein, or its pharmaceutically acceptable salt or 
prodrug thereof; optionally in a pharmaceutically acceptable carrier or diluent, for the 
treatment or prophylaxis of abnormal ceUular proUferation and/or viral infection, and 
in particular a Flaviviridae infection, such as an HCV or BVDV infection, in a host. 
' and in particular in a human; 

25 i) use of an agent, as described herein, or its pharmaceutically acceptable salt or 
prodmg diereof; optionally in aphannaccutically acceptable carrier or diluent, for the 
treatment orprxiphylaxis of abnonnal cellular proliferation and/or viral infection, and 
in particular a Flaviviridae infection, such as an HCV or BVDV infection, in a host, 
and in particular in a human, in combination or alternation witii one or more other 

30 antivirally effective agents; 
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j) use of an agent, as described herein, or its pharmaceutically acceptable salt or 
prodrug thereof in the manufacture of a medicament for use in medical ther^y, i.e. 
as an antiviral or antiproliferative agent; 

k) use of an agent, as described herein, or its pharmaceutically acceptable salt or 
5 prodrug thereof, optionally in a pharmaceutically acceptable carrier or diluent, in the 

manufacture of a medicament for the treatment or prophylaxis of abnormal cellular 
proliferation and/or viral infection, and in particular a Flaviviridae infection, such as 
an HCV or BVDV infection, in a host, and in particular in a human; and 

1) use of an agent, as described herein, or its pharmaceutically acceptable salt or 
10 prodnag thereof, optionally in a pharmaceutically acceptable carrier or diluent, in the 

manufacture of a medicament for the treatment or prophylaxis of abnormal cellular 
proliferation and/or viral infection, and in particular a Flaviviridae infection, such as 
an HCV or BVDV infection, in a host, and in particular in a human, in combinatipn 
or alternation witii one ca: more other antiviially effective agents. 

15 In an additional embodiment, a method for the treatment or prophylaxis of a host, 

such as a mammal and in particular a human, having a virus-associated disorder which 
comprises administering to the mammal a pharmaceutically effective amount of one of 
the described antiviral agents or their pharmaceutically acceptable salts or prodrugs 
thereof, is provided. 

20 In one particular embodiment, a method for the treatment or prophylaxis of a 

Flaviviridae infection, including HCV and BVDV infection, in a host, that includes 
administering an antivirally effective amount of one of the described antiviral agents or 
its pharaiaceutically acceptable salt or prodrug thereof; optionally in a pharmaceutically 
acceptable carrier or diluent thereof, is provided. 

25 In another particular embodiment, a method for treatment or prophylaxis of a 

' Flaviviridae infections, including HCV and BVDV infection, in a host, that includes 
administering an antivirally effective amount of one of the described antiviral agents or 
its pharmaceutically acceptable salt or prodrug thereof, optionally in a pharmaceutically 
acceptable carrier or diluent, in combination or alternation with one or more other 

30 effective agent is provided. 
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In an additional embodiment, the use of an effective amount of one of the 
described antiviral agents or their phaxmaceuticaUy acceptable salts or prodrugs thereof, 
for the treatment or prophylaxis of a host, such as a mammal and in particular a human, 
having a virus-associated disorder is provided. 

In one particular embodiment, the use of an antivirally effective amount of one of 
the described antiviral agents or its pharmaceutically acceptable salt or prodrug thereof, 
optionally in a pharmaceuticaUy acceptable carrier or diluent thereof, for the treatment or 
prophylaxis of a Flaviviridae infection, including HCV and BVDV infection, in a host is 
provided. 

In another particular embodiment, the use of an antivirally cflFcctive amount of 
one of the described antiviral agents or its pharmaceutically acceptable salt or prodrug 
thereof, optionally in a pharmaceutically acceptable carrier or diluent, in combination or 
alternation with one or more olhcar ejffective agent for the treatment or prophylaxis of a 
Flaviviridae infection, including HCV and BVDV infection, in a host is provided.^ 

In an additional embodunent, the use of an effective amount of one of the 
described antiviral agents or their pharmaceutically acceptable salts or prodrugs* thereof, 
in the manufacture of a medicament for the treatment or prophylaxis of a host, such as a 
mammal and in particular a human, having a virus-associated disorder is provided. 

In one particular embodiment, the use of an antiviraUy effective amount of one of 
the described antiviral agents or its pharmaceutically acceptable salt or prodmg thereof 
optionally in a pharmaceutically acceptable carrier or diluent thereof, in the manufacture 
of a medicament for the treatment or prophylaxis of a Flaviviridae infection, including 
HCV and BVDV infection, in a host is provided. 

In another particular embodiment, the use of an antivirally effective amount of 
one of the described antiviral agents or its pharmaceutically acceptable salt or prodrug 
thereof, optionally in a pharmaceutically acceptable carrier or diluent, in combination or 
alternation with one or more other effective agent in the manufacture of a medicament 
for the treatment or prophylaxis of a Flaviviridae infection, including HCV and BVDV 
infection, in a host is provided. 
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L Active Compounds 

In one embodiment of the invention, the active compound is of the following 



formula (I); 



OH OH 
\ > > 



0-R 



1 1> 



(I) 

or its phannaceutically acceptable salt or prodrug thereof; wherein 
Ris 



OH OH 

(n) 



OH OH 
(EDO 



.CH. 




H5O 



or 




(V) 



X is o^^gen, sulfur, methylene, monofluoromethylene or difluoromethylene; 

Y is hydrogen, halogen (F, CI. Br. I), NH2, NHR", NR^R', NHOH, MIOR^ 
NHMH2, NR*NH2, NHNHR*', SH. SR^ OH or OR*; 
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Z is hydrogen, halogen (F, CI, Br, I), NH2, NHR», NR'R', NHOH. NHOR^ 
1«JNH2, f«l*NH2. NHNHR*, SH. SR*. OH, OR'; 

W' -W* are same or different, and indepaidently mettiync (-CH=), a2»m6fliyne 
(-N=) or sulfti^ 

W*-W* are same or diflferent, and independentiy methyne (-CH=) or azomethyne 

(-N=); 

r', R^ R^ and R* are independently hydrogen, hydroxyl or fluorine; 
r5 is halogen (F, Q, Br, I). CN, CONH2, COzMe, COzEt or CO2H; and 

R*. r\ and R' are independently a lower alkane or alkcne of 1 , 2, 3, 4, 5 or 6 
carbons or aryl or aralkyl such as unsubstituted or substituted phenyl or benzyl. 

In one anbodiment of the present invention, the compound of the general 
formula (1) is specifically not tiazole-4-carboxamide adenine dinucleotide (TAD) or 
benzanaide adenine dinucleotide (BAD). 
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The structures of compounds with geaeral forxnula (T) are represented by (but not 
limited to) structures provided below: 



1H2 



HO OH 




HO OH 



BisCplMMFhointB) analogues of BAD 
X-CHanCFa 




,C0NH2 



P-tiaXHrBAD 



KO OH 





PONH2 



BtsCpboi|i]ioiiate>aiiflbgna of TAD 
P-CHj-TAD(X«a« 



HO OH 



BDD 



HO OH 



CHg OH o 




C2.MA0 



C4-MAD 



10 



In addition, truncated compounds chemically modified as discussed below in 
order to improve their activity, and in particular antiviral activity, and/or decrease their 
toxicity are also provided. 'In particular, the present invention also provides compounds 
wherein the molecular structures are composed of parts (fragments) of compounds of 
fonnula (I), e.g. C2-, C4-, and C6-mycophenolic alcohols, as well as mycophenolic 
alcohols modified by simple oxidation to the corresponding aldehyde or carboxylic acid 
derivatives, for example, the following: 
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a-My«opbCDfllieaJ»liol 

ieozyl CM^ Alcohol (R" - b«o^l; R" » H) 



0 R^'o 





C4Ji«yce|iIniolk ileobol 
C+WPAleoBol{R"'-R"-H) 



CH3 o r" o 





CHP' 



;H3 



C2-MycopheiiolJc aldehyde 
a-MPAWebyde(R*°'H) 



OR"o 




CH: 



C2-Mycopfaenoli« tdd 
C2WArid(R"'-R"-H) 



C4-Mycopbcoo1ic aldehyde 
C4-MPAWdiyde(R"-H) 



CH3 OR'' p 

CH3 

C4-Mycopbenolie tdd 
C4.MPAdd(R"»-R"-H) 




C6-MycoiftaioIic tleohol 
C6-MPAJcoiM>l(R"-R"- 



CH3 O R'" o 




H3 



0&Jlf(yco]iltenalic«idCbyde 
CSJMP Aldehyde (R"" H) 



CH, 



O R'«o 




H3 



C6>Mycopheaolic add 

MPACR^'-R^'H) 

MP nwlhyl caterCR"* - H, R"- Me) 



or 1 



its phannaceuticaUy acceptable salt or prodrug, wherein each R^® and R^^ is 
independently hydrogen, alkyl, acyl, benzyl or methoxymethyl (MOM) group, and each 
R^^ is independently hydrogen, alkyl or aryl. 



These compounds can be modified by replacement of the alcohol, aldehyde or 
carboxyl groiip with the conesponding sulfonyl or phosphoryl functional group. 



0 

R^^-0^ 
R^ 


— SR"o 

CMg 


0 CH3 OR"'o 

"^■^^^ 


0 

R"CL.R^^ 
CHgCK 


& 


0 CH3 


OR"o 


CHa 

O-MPA-O-Moyt (R»- H; R" » CHj) 
B«ay|.C2-N4PA.O^ecyl (R«>- baazjd; R" » CHi) 


0 


CH3 
CH3O 


0R»0 
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01 its phannaccutically acceptable salt or prodrug thereof, wherein R^^ and R^^ 
are as defined above, and R'^ is lower alkyl (i.e. a Ci, C2, C3, C4, C5 or Ce alkyl), lower 
alkenyl (i.e. a C2, C3, C4, C5 or Cs alkcnyi), lower alkynyl (i.e. a C2, C3, C4, Cs or Q 
alkynyl) or a C3-C8 cycloalkyL 



The parent mycophenolic alcohols can also be reduced to the corresponding alkyl 
derivatives or dehydrated to the alkenyl or alkynyl derivatives. Non-limiting examples 
include the following: 





CHj ' 


OR"o 


CH3 OR^°o 






cc5> 




CH30-V^ 


CHjO^ 




CH30'''^|''^ 


CHs 








Myco|ihaiethaiie(Il"'*K) 


MyMphcn-a-oKdiylbiitanc (R» - H) 


Mycopteiwa-nietbylttexaiie (R'* = I- ) 




OR"o 




9H3 9 R"" 0 


H2C^ 


















CHa 




CH3 


C2-Mycophcaed»ne {R^ = tenzyl) 




Mycoplwnhexcnc (R" - H) 



or its phannaccutically acceptable salt or prodrug thereof, whwein R'* is as 
defined above. 
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Truireated compounds can be composed of larger fragments such as 
bis(pliospiionate) analogues of mycophcnolic alcohols. These compounds may be 
modified by coupling with another mycophenoUc alcohol derivative to give a dimcr, e.g. . 
bis-C2MPAlcbis(phosphonate), such as the following: 




C4-MrAlcolii)Mvl<iiebIi(plmFtomB) . 



5 




are as defined above. 



The truncated compounds can also be nucleosides such as tiazolurin. benzamide^ 
riboside, C-nicotinamide riboside or F-ara-purines (such as F-ara-A). 




benzamide riboside C-nicotmamide 

riboside 



or its phamiaceutically acceptable salt or prodrug, wherein R can be hydrogen, 
acylorsilyl. 
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In a preferred embodiment of the invention, the compounds can be administered 
in the form of an eflier Upid. Alternatively, the pho^honates and phosphoryls can be 
administered in the fiaim of stabilized phosfAiate or phospholipid. 

In one embodiment, the antiviral agent has an EC50 (effective concentration to 
achieve 50% viral inhibition) when tested in an appropriate cell-based assay, of less than 
15 micromolar, and more particularly, less than 10 or 5 micromolar 

n. Stereoisomerism and Polymorphism 

Compounds of the present invention having a chiral center may exist in and be 
isolated in optically active and racemic fonns. Some compounds may exhibit 
polymorphism. The present invention encompasses racanic, optically-active, 
polymorphic, or stereoisomeric form, or mixtures thereof of a compound of the 
invention, which possess the useful properties described herein. The optically active 
forms can be prepared by. for example, resolution of the racemic form by 
recrystallization techniques, by synthesis fmm optically-active starting materials, by 
chiral synthesis, or by chromatographic separation using a diiral stationary phaM or by 
oizymatic resolution. 

In one embodiment of the mvention, the compounds are provided in substantially 
pure form (i.c. approximately 95% pure or greater). 

Optically active fonns of the compounds can be prepared using any method 
known in flie art, including by resolution of the racemic form by recrystallization 
techniques, by synthesis from optically-active starting materials, by chiral synthesis, or 
by chn»natogrq)hic separation using a chiral stationary phase. 

Examples of methods to obtain opticaDy active materials include at least tiie 
following. 

i) physical separation of crystals - a technique whereby macroscopic 
crystals of the individual enantiomers are manually separated. 
This technique can be used if crystals of the s^arate enantiomers 
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exist, i.e., the material is a conglomerate, and the. crystals, arc 
visually distinct; 

ii) simultaneous crystallization - a tedmique whereby the individual 
enantiomcrs are separately crystallized firom a solution of the 

5 racemate, possible only if the latter is a conglomerate in ttie solid 

state; 

iii) enzymatic resolutions - a technique whereby partial or complete 
separation of a racemate by virtue of differing rates of reaction for 
the enantioraers with an enzyme; 

iv) enzymatic asymmetric synthesis - a synthetic technique whereby 
at least one step of the synthesis uses an enzymatic reaction to 

• • obtain an enantiomerically pure or enriched synthetic precursor of 
the desired enantiomer, 

v) chemical asym metric s ynthesis - a sjoithetic technique whereby 
the desired enantiomer is synthesized from an achiral precursor 
under conditions that produce asymmetry (i.e., chirality) in the 
product, which may be achieved using chiral catalysts or chiral 
auxiliaries; 

diastereomer separations - a technique whereby a racemic 
compound is reacted with an enantiomerically pure reagent (the 
chiral auxiliaiy) that converts the individual enantiomers to 
diastereomers. The resulting diastereomers are then separated by 
chromatography or crystallization by virtue of their now more 
distinct structural differences and the chiral auxiUary later 
removed to obtain the desired enantiomer; 

yii) first- and second-order asymmetric tramsformatioris - a technique 
whereby diastereomers from the racemate equilibrate to yield a 
preponderance in solution of the diastereomer from the desired 
enantiomer or where preferential, crystallization of the 
. diastereomer from the desired enantiomer perturbs the equilibrium 
such that eventually in principle all the material is converted to the 
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aystallinediastcrcoma-frOTi the desired enantiomer. The desired 
aiantiomer is then released from the diastercomer, 

kinetic resolntions - this technique refers to Ihe adiievement of 
partial or coiiq)lete resototion of a racemate (or of. a further 
resolution of a partially resolved compound) by -virtue of unequal 
reaction rates of the enanticHncrs with a chiral, non-raceniic 
reagent or catalyst under kinetic conditions; 

enantiospedfic synthesis from non-racean ic precursors - a 
synthetic technique whereby the desired enantiomer is obtained 
from non-chiral starting materials and where the stereochanical 
integrity is not or is only minimaUy compromised over the course 
of the synthesis; 

diiral hquid chromatography - a techm'que wherd»y the 
enantiomers of a racemate are separated in a liquid mobile phase 
by virtue of their differing interactions with a stationary phase 
(including via chiral HPLC). The stationary phase can be made of 
chiral material or the mobile phase can contain an additional chiral 
material to provoke the differing interactions; 

chiral gas chromatography - a technique whereby the racemate is 
volatilized and enantiomers are separated by virtue of their 
differing interactions in the gaseous mobile phase with a column 
containing a fixed non-racenric chiral adsoriient phase; 

eactrartion with chiral solvents - a technique whereby the 
enantiomers are separated by virtue of joeferential dissolution of 
one enantiomer into a particular chiral solvoit; 

trans port across chiral membranes - a technique whereby a 
lacailate is placed in contact wifli a Ifain membrane barrier. The 
barrier typically separates two misciblie fluids, one containing the 
racanate, and a driving force such as concentration or pressure 
differential causes preferential transport across the membrane 
barrier. Separation occms as a result of the non-racemic chiral 
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nature of the membrane that allows only one enantiomer of the 
raccmatc to pass through. 

Caiiral chromatography, including simulated moving bed chromatography, is used 
in one embodiment A wide variety of chiral stationary phases are commercially 
5 available, 

III. Definitions 

The term "alkyi," as used herein, unless otherwise specified, refers to a saturated 
straight, branched, C3sr cyclic, primary, secondary, or tcrtiaiy hydrocarbon, including but 
not hmited to those of Ci to Ci6, and specifically includes methjd, ethyl, propyl, 

10 isopropyl, cyclopropyl, butyl, isobutyl, t-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, 
hexyl, isohexyl, cydohexyl, cyclohexyhnethyl, 3-methylpentyl, 2,2-dimethylbutyl, and 
2,3-dimethyIbutyL The alkyl groiq) can be optionally substituted with one or more 
moieties selected firdm the group consisting of alkyl, halo, haloalkyl, hydroxyl, carboxyl, 
acyl, acyloxy, ammo, amido, carboxyl derivatives, alkylamino, dialkylamino, arylamino, 

15 alkoxy, aryloxy, nitro, cyano, thiol, imine, sulfonic acid, sulfate, sulfonyl, sulfanyl, 
sulfinyl, sulfemonyl, ester, carboxylic acid, amide, phosphonyl, phosphinyl, phosphoiyl, 
phosphine, thioester, thioether, acid halide, anhydride, oxime, hydrazine, carbamate, 
phosphonic acid, phosphate, phosphonate, or any other viable functional group that does 
not inhibit the pharmacological activity of this confound, either unprotected, or 

20 protected as necessary, as known to those skilled in the art, for example, as taught in 
Greene, et al. Protective Groups in Organic Synthesis, John Wiley and Sons, Second 
Edition, 1991, hereby incoiporated by reference. 

The tenn **lower alkyl," as used herein, and unless otherwise specijBed, refers to a 
Cj to Ca saturated straight, branched, or if appropriate, a cyclic (for example, 
25 cyclopropyl) alkyl group, including both substituted and unsubstituted forms. 

As used herein, the term "substantially firee of* or "substantially in the absence 
of refers to a nucleoside composition that includes at least 95% to 98 % by weight, and 
even more preferably 99% to 100% by weight, of the designated enantiomer of that 
nucleoside. In a preferred embodiment, in the methods and compounds of this mvcaiition, 
30 the compounds are substantially firee of enantiomers. 
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Similarly, the tenn "isolated" refers to a compound composition that includes at 
least 95%' to 98 % by weight, and even more preferably 99% to 100% by weight, of the 
conq)ound, the remainder comprising other chemical species or cnantiomers. 

The ieim "enantiommcally enriched" is used throughout the specification to 
describe a coiB|)ound \^ch includes at least about 95%, preferably at least 96%, more 
preferably at least 97%, even more preferably, at least 98%, and even more preferably at 
least about 99% or more of a single enantiomer of that compound. When a nucleoside of 
a particular configuration (D or L) is refenred to in this specification, it is presumed that 
the nucleoside is an enantiomerically enriched nucleoside, unless otherwise stated. 

The teim 'liost;' as used herein, refers to a unicellular or multicellular organism 
in which the virus can replicate, includmg cell lines and animals, and preferably a 
human. Alternatively, the host can be cairying a part of the viral genome, whose 
replication or function can be altered by the compounds of the present mvention. The 
term host specificaUy refers to infected cells, cells transfected with aU or part of the viral 
genome and animals, in particular, primates (mcluding chimpanzees) and humans. 
Alternatively, the term ^liost," as used herein, refers to a multicellular organism in which 
proliferative disorders can occur, including ammals, and preferably a human. 
Alternatively, the host is any abnormally proliferating cell, whose replication or function 
can be alt^ed by the compounds of the present invention. The term host specifically 
refers to any cell line that abnonnally proliferates, either from natural or unnatural causes 
(for example, from genetic mutation or genetic engineering, respectively), and animals, 
in particular, primates (including chimpanzees) and humans. In most animal applications 
of the present invention, the host is a human patient. Veterinary applications, in certain 
indications, however, are clearly anticipated by the present invention (such as bovine 
viral diarrhea virus in cattie, hog cholera virus in pigs, and border disease virus in sheep). 

The term "pharmaceutically accqjtable prodrug" is used throughout die 
specification to descnT>e any pharmaceutically acceptable form (such as an ester, 
phosphate ester or salt of an ester or a related group) of a disclosed compound which, 
upon administration to a pati^it, provides the active parent conqaound. Pharmaceutically 
acceptable prodrugs, for example, refer to a compound that is metabolized, for example 
hydrolyzed or oxidized, in the host to form the compound of the present invention. 
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Typical examples of prodrugs include compouTids that have biologically labile protecting 
groups on a fonctional moiety of the active compound. Prodrugs include compounds 
that can be oxidized, reduced, aminated, deaminated, hydroxylated, dehydroxylated, 
hydrolyzed, dehydrolyzed, alkylated, dealkylated, acylated, deacylated, phosphorylated, 
dephosphorylated to produce the active compound. Phannaceutically acceptable salts 
include those derived firom phaimaceutically acceptable inorganic or organic bases and 
acids. Suitable salts include those derived from alkali metals such as potassium and 
sodium, alkaline earth metals such as calcium and magnesium, among numerous other 
acids well knovm in the pharmaceutical art. The compounds of this invention dther 
possess antiviral activity such as against Flaviviridae viruses and/or antiproliferative 
activity, or are metabolized to a compound that exhibits such activity. 



IV. Phannaceutically Acceptable Salts and Prodrugs 

In cases where compounds are sufficiently basic or acidic to form stable nontoxic 
acid or base salts, administration of the compound as a phannaceutically acceptable salt 

15 may be appropriate. Phannaceutically acceptable salts include those derived ftom 
phamiaccutically acceptable inorganic or organic bases and adds. Suitable salts include 
those derived fiom alkali metals -such as potassium and sodium, alkaline earth metals 
such as caldum and magnesium, among numerous other adds weU known in the 
phannaccutical art In particular, examples of phaimaceutically acceptable salts are 

20 organic add addition salts formed with adds, which form a physiological acceptable 
anion, for example, tosylate, methanesulfonate, acetate, dtrate, malonate, tartarate, 
succmate, benzoat^ ascorbate, a-ketoglutarate and a-glycerophosphate. Suitable 
inorganic salts may also be formed, including, sulfate, nitrate, bicarbonate and carbonate 
salts. 

25 Phannaceutically acceptable salts may be obtained using standard procedures 

well knoAvn in the art, for example by reacting a sufBdently basic compound such as an' 
amine with a suitable acid affording a physiologically acceptable anion. Alkali metal 
(for example, sodium, potassium or lithium) or alkaline earth metal (for example 
calcium) salts of carboxylic acids can also be made. 
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Any of the compounds described herem can be administered as a prodrug to 
increase the activity, bioavailability, stability or otherwise alter the properties of Ihe 
compound: A number of prodrug ligands are known. In general aUcylation, acylation or 
oflier lipophiUc modification of the compound will increase the stability of the 

5 compound. For example, one or more hydrogens on the phosphonate moiety can be 
replaced with alkyl, aryl. steroids, carbohydrates, including sugars, 1,2-diacylglycerol 
and alcohols. Many are described in R. Jones and N. Bischofbcrger, AntMral Research, 
27 (1995) 1-17. Any of these can be used in combination with the disclosed compounds 
to achieve a desired efTect. 

10 The active compounds can also be provided as phosphoether lipids or ethw lipids, 

as disclosed in the foUowing references, which are incorporated by refiaence herein: 
Kucera, L.S., N. Iyer, E. Leake, A. Raben, Modest EX., DX.W.. and C. Piantadosi. 
1990. "Novel membrane-intwactive ether lipid analogs that inhibit infectious HIV-l 
production and induce defective vfaus formation." AIDS Res. Hum. Retro Viruses. 

15 6:491-501; Piantadosi, C, J. Marasco CJ., S.L. Monis-Natschke, K.L. Meyer, F. 
Gumus, JJR. Surles, K.S. Ishaq, L.S. Kucera, N. Iyer, CA. Wallen, S. Piantadosi. and 
E.J. Modest. 1991. "Synthesis and evaluation of novel ether Upid nucleoside conjugates 
for anti-HIV activity." J. Med. Chem. 34:1408.1414; HosteUer, K.Y., DD. Richman, 
DA. Carson, LJ^. Stuhmiller. GU. T. van Wljk, and H. van den Bosch. 1992. 

20 ."Greatiy enhanced inhibition of human immunodeficiency virus type 1 repUcation in 
CEM and HT4-6C cells by 3'-decxythymidine diphosphate dimyristoylglycerol, a lipid 
prodrug of 3,-deoxythyinidine." Antimicrob. Agents Chemother. 36:2025.2029; 
Hosetler, K.Y.. L.M. Stuhmiller, H.B. Lenting, H. van den Bosch, and D.D. Richman, 
1990. "Synthesis and antiretroviral activity of phospholipid analogs of azidothymidine 

25 and other antiviral nucleosides." J. BioL Chem. 265:61 127. 

Nonlimiting examples of U.S. patents that disclose suitable lipophilic substituents 
lhat can be covalently incorporated into the compound include U.S. Patent Nos. 
5,149,794 (Sep. 22. 1992. Yatvin et al.); 5.194,654 (Mar. 16, 1993, Hostetler et al, 
5,223,263 (June 29, 1993, Hostetler et al); 5,256.641 (Oct. 26. 1993, Yatvin et al); 

30 5,41 1,947 (May 2,. 1995, Hostetler et al.); 5,463,092 (Oct. 31, 1995, Hostetler et al.); 
5,543,389 (Aug. 6, 1996, Yatvin et al); 5,543,390 (Aug. 6, 1996, Yatvin et al); 
5!543,391 (Au& 6, 1996, Yatvin et al); and 5,554,728 (Sep. 10. 1996; Basava et al), all 
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of which arc incoiporated hcrcin by reference. Foreign patent applications that disclose 
lipophilic substituents that can be attached to the nucleosides of the present invention, or 
lipophilic preparations, include WO 89/02733. WO 90/00555,. WO 91/16920, WO 
91/18914, WO 93/00910. WO 94/26273. WO 96/15132, EP 0 350 287. EP 93917054.4. 
5 and WO 91/19721. . 

y. Pharmaceutical Compositions 

Phannaceutical compositions that include a |J-D or the P-L stereoisomer can be 
prepared that include the above-described compound or its salt or prodrug in a 
therapeutically effective amount, optionally in combination with a pharmaceutically 
10 acceptable additive, carrier or excipient for treating any of the conditions described 
herein, including a Flaviviridae infection. The therapeutically effective amount may 
vary with the infection or condition to be treated, its severity, the treatment regimen to be 
employed, the phannacokinetics of the agent used, as well as the patient treated. 

In one aspect according to the present invention, the compouiid according to the 
15 present invention is formulated preferably in admixture with a phannaceutically 
acceptable earner. In general, it is preferable to administer the phannaceutical 
composition in oiafly administrable fonn, but fonnulations may be administered via 
parenteral, intravenous, intramuscular, transdermal, buccal, subcutaneous, suppository or 
other route. Intravenous and intramuscular fonnulations are preferably administered in 
20 sterile saline. One of ordinary skill in the art may modify the formulation within the 
teachings of the specification to provide numerous formulations for a particular route of 
administration without renaeiing the compositions of the present invention unstable or 
compromising its therapeutic activity. In particular, a modification of a desired 
compound to render it more soluble in water or other vehicle, for example, may be easily 
25 accompHshed bx routine modification (salt fonnulation, esterification, etc.). 

In certain pharmaceutical dosage forms, the prodrug fonns of the confound, 
especiaUy including acylated (inchiding acetylated or other) and ether derivatives, 
phosphate esters, stabiliied phosphates, and various salt forms of the present compounds, 
are preferred. One of ordinary skill in the art will recognize how to readily modify the 
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present compound to a prodrag fonn to facilitate delivery of active compound to a 
targeted site within the host orgamsm or patient. The artisan also.wiU take advantage of 
favorable phannacokinetic- parameters of the prodrug fonn. where applicable, in 
delivering the desired compound to a targeted site within the host organism or patient to 
5 maximize the intended effect of the compound in the treatment of any of the conditions 
described herein, including a i^cvivirirfoe infection (such as an HCV infecti^^^^ 

The amount of compound included within therapeutically active formulations, 
according to the present invention, is an effective amount for treating any of the 
conditions described herein, including a Flavtviridae infection. In general, a 

10 therapeutically eflfective amount of the present compound in pharmaceutical dosage form 
usually ranges from about 0.1 mg/kg to about 100 mg/kg or more, depending upon the 
compound used, flic condition or infection treated and the route of administration. For 
purposes.of the present invention, a prophylactically or preventively effective amount of 
the compositions, according to the present invention, fells within the same concentration 

15 range as set forth above for therapeutically effective amount and is usually the same as a 
then^euticaUy effective amount 

Administration of the active compound may range fiom continuous (intravenous 
drip) to several oral administrations per day (for example, Q.ID., B J.D., etc.) and may 
include oral, topical, parenteral, intramuscular, intravenous, subcutaneous, transdermal 

20 (which may include a penetration enhancement agent), buccal and suppository 
administiation, among other routes of adnrinistration. Enteric-coated oral tablets may 
also be used to enhance bioavailability and stabiHty of the compounds fiom an oral route 
of administration. The most effective dosage form will depend upon the 
pharmacokinetics of the particular agent chosen, as well as the severity of disease in the 

25 patient. Oral dosage forms are particularly preferred, because of ease of administration 
and prospective fevorable patient compliance. 

To prepare the pharmaceutical compositions according to the present invention, a 
flierapeutically effective amount of one or more of tiie compounds according to the 
present invention.. is preferably mixed with a pharmaceutically acceptable, carrier 
30 according to conventional pharmaceutical compounding techniques to produce a dose. A 
carrier may take a wide variety of forms depending on tiie form of preparation desired 
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for administratioii, e.g., oral or parenteral. In preparing pharmaceutical compositions in 
oral dosage fonn, any of the usual phannaceutical media may be used Thus, for liquid 
oral preparations such as suspensions, elixirs and solutions, suitable carriers and 
additives including water, glycols, oils, alcohols, flavoring agents, preservatives, 
5 coloring agents and the like may be used. For solid oral preparations such as powders, 
tablets, capsules, and for solid preparations such as suppositories, suitable carriers and 
additives including starches, sugar carriers, such as dextrose, mannitol, lactose and 
related carriers, diluents, granulating agents, lubricants, binders, disintegrating agents 
and the like may be used. If desired, the tablets or capsules may be enteric-coated for 
10 sustained release by standard techniques. The use of these dosage forms may 
significantly unpact the bioavailability of the compounds in the patient. 

For parenteral formulations, the carrier will usually comprise sterile water or 
aqueous sodium chloride solution, fliough other ingredients, including those that aid 
disperaion, also may be included. Where sterile water is to be used and maintained as 
15 sterile, the compositions and earners must also be sterilized. Injectable suspensions may 
also be prepared, in which case appropriate liquid carriers, suspending agents and the 
like may be employed. 

Liposomal suspensions (including liposomes targeted to viral antigens) may also 
be prepared by conventional methods to produce pharmaceutically acceptable earners. 
20 In particular, this may be appropriate for the delivery of free nucleosides, acyl 
nucleosides, phosphate ester prodrug forms as well as the bisphosphonate compounds 
according to the present invention. 

In particularly preferred embodiments according to the present invention, the 
compounds and compositions are used to treat, prevent or delay the onset of any of the 

25 conditions described herein, including a Flaviviridae infection. Preferably, to treat, 
prevent or delay the onset of the condition, the compositions will be administered in oral 
dosage form in amounts ranging from about 250 micrograms up to about 1 gram or more 
at least once a day, preferably, or up to four times a day. The present compounds are 
preferably administered orally, but may be administered parenterally, topically or in 

30 suppository form. 
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The compounds according to the present invention, because of their low toxicity 
to host ceUs in certain instances, may be advantageously employed prophylactically to 
prevent any of the conditions described herein, including a Flaviviridae infection or to 
prevent tiie occunence of clinical symptoms associated with the condition. Thus, the 

5 present invention also encompasses methods for the prophylactic treatment of any of the 
conditions described herein, including a Flaviviridae infection. In this aspect, according 
to the present invention, the present compositions are used to prevent or delay the onset 
of any of the conditions described herein, including a Flaviviridae infection (including 
HCV infection). This prophylactic method comprises administration to a patient in need 

10 of such treatment, or who is at risk for the development of any of the conditions 
described herein, incMng a Flaviviridae infection, and in particular an HCV infection, 
an amount of a compound according to the present invention effective for alleviatin& 
preventing or delaying the onset of the condition. It is preferred in this aspect of the 
present invention that ±e compound that is used is maximally effective against the 

15 condition and exhibits a minimum of toxicity to the patient In the case of Flaviviridae 
infection, compounds according to the present mvention that may be used to treat these 
disease states may be administered within the same dosage range for therapeutic 
treatment (i.e., about 250 micrograms np to 1 gram or more ftom one to four times pa 
day for an oral dosage form) as a prophylactic agent to prevent the prolifendQa of a 

20 Flaviviridae mfection, or altematiYely, to prolong the onset of a Flaviviridae infection, 
which manifests itself in clinical symptoms. 

In addition, compounds according to the present invention can be administered b 
combination or alternation with one or more antiviral, anti-HBV, anti-HCV or anti- 
herpetic agent or interferon, anti-cancer, antiproliferative or antibacterial agents, 
25 including other compounds of the present invention. Certain compounds according to 
the present invention may be effective for enhancing the biological activity of certain 
agents accordmg to the present invention by reducing the metabolism, catabolism or 
inactivation of other compounds and as such, are co-administered for this mtended 
effect. 
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VI. Combination and Alternation Therapies for the Treatment of HCV Infection 

It has been recognized that drug-resistant variants of HCV can emerge after 
piolongcd treatment with an antiviral agent Drug resistance most typically ocoiis by 
mutation of a gene that encodes for an enzyme used in the viral replication cycle, and 
most typically in the case of HCV, the RNA-dependent-KNA polymerase. Recently, it 
has been demonstrated that the efficacy of a drug against HCV infection can be 
prolonged, augmented, or restored by admmistcring the compoimd in combination or 
alternation with a second, and perhaps third, antiviral compound that induces a different 
mutation ftom that caused by the prindplc drug. Alternatively, the pharmacokinetics, 
biodistribution, or other parameter of the drug can be altered by such combination or 
alternation therapy. In general, combination therapy is typically preferred over 
alternation thwapy because it mduces multiple simultaneous sbesses on the virus. 

Examples of agents that have been identified as active against the hepatitis C 
flavivirus, and thus can be used in combination or alternation with one or more agents of 
formula ffl to (V), or truncated and modified forms thereof inchide: 

(1) inteiferon and ribavirin (Battaglia, A. M. et aL Aim. Pharmacother. 2000, 
34, 487; Berenguer, M. et al. Aotivir. Ther. 1»8, 3 {Sappl 3), 125); 

(2) Substrate-based NS3 protease inhibitors (Attwood a aL PCT WO 
98/22496, 1998; Attwood et al. Antiviral Chemistry and Chemotherapy 
1999, 10, 259, ; Attwood et al. German Patent Pub. DE 19914474; Tung 
et al. PCT WO 98/17679), including alphaketoamides and 
hydrazinoure.as, and inhibitors that taminate in an electrophile such as a 
boronic acid or phosphonate (Uinas-Bnmet et al. PCT WO 99/07734). 

(3) Non-substrale-based inhibitors such as 2,4,6-trihydroxy-3-mtro- 
benzamide derivatives (Sudo K. et al.. Biochemical an d Biophysical 
T?eseaTch Communications. 1997, 238, 643 and Sudo K. et al Antiviral 
Chemistry and Chemotherapy 1998, 9, 186), including RD3-4082 and 
RD3-4078, the former substituted on the amide with a 14 carbon chain 
and the latter processing ai?arfl-phenoxyphenyl group; 
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(4) Thia2olidine derivatives that show relevant inhibition in a reverse-phase 
HPLC assay wiih an NS3/4A fUsion protein and NS5A/5B substrate 
(Sudd K, et al Antiviral Research 1996, 32, 9), especially compound 
RD-1-6250, possessing a fused cinnamoyl moiety substituted with a long 

5 alkyl chain, RD4 6205 and KD4 6193; 

(5) Thiazolidines and benzanilides id^itified in Kakiuchi N. et al J. EBS 
Letters 421, 111 and Takeshita N. et al Analytical Biochemistry 1997, 
247,242; 

(6) A phenanthrenequinone possessing activity against HCV protease in a 
jQ ' SDS-PAGE and autoradiography assay isolated from the fermentation 

culture broth oi Streptomyces sp„ Sch 68631 (Chu M. et al. Tetrahedron 
Letters 1996, 57, 7229), and Sch 351633, isolated from the fimgus 
Penicillium griscofuluum, which demonstrates activity in a scintillation 
proximity assay (Chu M. et al, Bioorggnic and Medicinal Chemistry 
15 Letters 9, 1949); 

(7) Selective NS3 inhibitors based on the macromolecule elgin c, isolated 
from leech (Qasim M.A. et al Biochemistry 1997, 3(5,1598); 

(8) HCV helicase inhibitors (Diana G.D. et al, U.S. Pat. No. 5,633,358 aad 
Diana G.D. et al PCT WO 97/36554); 

20 (9) HCV polymerase inhibitors such as nucleotide analogues, gliotoxin 

(Ferrari R- et al Journal of Virology 1999, 73, 1649). and the natural 
product cerulenin (Lohmann V. et al Virology 1998, 249, 108); 

(10) Antisense • phosphorothioatc oligodcoxynucleotidcs (S-ODN) 
complementary to sequence stretches in the 5' non-coding region (NCR) 
25 of the HCV (Alt M. et al Hepatology 1995, 22, 707), or nucleotides 326- 

348 comprising the 3' end of the NCR and nucleotides 371-388 located in 
the core coding region of the HCV RNA (Alt M. et al Archives of 
Virology 1997, 142, 589 and Galderisi U, et al. Journal of Cellular 
Physiology 1999, g/:2151); 
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(1 1) Inhibitors of IRES-dependent translation (Ikeda N et al Japanese Patent 
Pub. JP-08268890; Kai Y. et a/. J^anese Patent Pub. JP.10101591); 

(12) Nuclease-resistant ribozymes. (Maccjak D.J. et al, Hepatology 1999, 30, 
abstract 995); and 

(13) Other miscellaneous compounds including 1-amino-alkylcyclohexanes 
(Gold et al U.S. Patent No. 6,034,134), alkyl Upids (Chojkier et al U.S. 
Pat. No. 5,922,757), vitamin E and other antioxidants (Chojkier et al 
U.S. Pat. No. 5,922,757), squalene, amantadine, bile acids (Ozeki et al 
U.S. Pat. No. 5,846,964), N-(phosphonoacetyl)-L-aspartic acid, (Diana et 
al U.S. Pat, No. 5,830,905), benzenedicarboxamides (Diana et al U.S. 
Pat. No. 5,633,388), polyadenyhc acid derivatives (Wang ei al US. Pat 
No. 5,496,546), 2';3'-didcoxyinosine (Yarchoan et al U.S. Pat. No. 
5,026,687), and benzimidazoles (Colacino et al U.S. Pat. No. 5,89 1 ,874). 



Vn. Synthetic Protocol 

Compounds of formula a) can be synthesized by the tetraphosphonate bicyciic 
trisanhydride method (Pankiewicz et al., WO 98/15563). Compounds wherein the R 
group is of the formula (H) or fffl) and their derivatives can be synthesized by modified 
literature procedures. Compounds of formulae (IV) and (V) and thefa- derivatives can be 
prepared from mycophenolic acid. 

Synthesis of compounds of formula. [I] and their derivatives: 

A P-D-purine nucleoside 5'-methylenebis(phosphonate) (1, Scheme 1) is treated 
with 2-7 molar excess, preferably 3-4 molar excess, of dehydrating agent such as 
dicyclohexylcarbo-diimide (DCC) or other caibodiimide, such as diisopropyl- 
carbodiimide, l-[3-(dimethylaraino)-propyl>3-ethylcarbodiimide hydrochloride, l-[3- 
(dimethyiamino)-propyl]-3-ethyIcarbodiimide methiodide and the like,, in anhydrous 
solvent, such as pyridine, pycoline, iy;iV-dimethyl-fonnamide (DMF), dimethylsulfoxide 
PMSO), hexamethylcne-phosphoric triamide, preferably pyridine, at a temperature of 
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from 0 'C to 100 "C, preferably between 20 "C to 60 "C for a period of £rom 1 hour to 24 
hours,. preferably 4-8 hours. The progress of the reaction can be monitored by ^'P NMR. 
Formation of P',P*-disubstitutedmethylenebis(phosphonic) anhydride 2 is obscrvpd first, 
but the rdatively simple sipals of 2 disappears with simultaneous dehydration between 
and P^ fonning 3, which is farther dehydrate between P^ and P" to give the bicyclic 
trisanhydride mtemiediate 4 (three characteristic multi-signal resonances at -0.5-2.0 . 
ppm, at 6.0-8.0 ppm and at 12.8-17.6 ppm). When the formation of 4 is completed, an 
alcohol (R-OH) is added to die mixture and heated to a temperature of from 35 °C to 100 
"C, preferably from 60 "C to 70 "C, for a period of from 1 hour to 48 hours, preferably 
from 18 to 24 hours. Nucleophihc attack by the alcohol occurs at P-2 and P-3 to form 
the open-chain intermediate 5. The reaction can be foUowed by "P NIVIR spectroscopy, 
which shows much simpler two broad signals centered at 8 and 18 ppm. Intermediate S 
undergoes rapid hydrolysis upon addition of water to the reaction mixture fonning the 
P',P^-disubstituted methy]enebis(phosphonatc) product with struQturc [I]. AftCT 
concentration of the mixture in vacuo, the residue is chiomatogr^bed on a preparative 
HPLC column to give the desired product viith structure [I]. 

The P-L counterpart of p] also can be synthesized by using the P-L purine 
nucleoside 5'-methylenebis(phosphonate) counterpart of (1). 



46 



wo 02/48165 



PCT/USOl/49231 



Scheme 1 
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Alternatively, an alcohol synflion, ROH, is converted into methylenebis- 
(phosphonate) 6 (Scheme 2) by a procedure invented by Parikiewicz et al CcmpoTind 6 
is further converted in a solvent, preferably pyridine, into bicycUc trisanhydride 9 via 
P1^4-disubstituted methylenebis-Cphosphonic) anhydride 7 and monocyclic 
intennediate 8 by the action of a caibbdiimide. The sequence of reactions can be 
foUowed by ''P NMR spectroscopy. When formation of 9 is completed, a p-D purine 
nucleoside 10 is added to the reaction mixture to form P^J^^^P^y-tetrasubstitiitcd 
methylenebis(phosphomc) anhydride 11, which is rather sensitive to moisture, and 
readly hydiolyzed to Jhe desired pnjdud with formula p] with water. 
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The p-L- counterpart of [T] can be synthesized by using, instead of 10, the 
coriesponilitig p-L-nuclcoside. 

Sdieme2 




S)mthesis of compounds of formula P^md their derivatives: 

For the preparation of a synthon of R-OH wherein R is fomula [II], one of the 
two methods we invented earher (Rabat et aL, J. Med. Oiem., 1987. 30. 924-927; 
Pankiewicz et al, 1. Org. Chem., 1988. 53, 3473-3479) or their modiiSed version 
(MatuUc-Adamic, e< a/.. Synthesis, 1997, 38, 203-206) is exploited. 
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The prefeired siartmg materials for all the processes for the synthesis of a 
compound of geneid fonnula [11] can be subsumed under general fonnula Ea as foUows: 

M 
pia) 

wherein Ws-Wg are same or different, and independently methyne (-CH=) or 
azomethyne (-N=); 

is a halogen (fluorine, chlorine, bromine or iodine), CN, CONH2, COiMe, 
COzEt, or CO2H; and 

M is alkali or alkali earth metal such as lithium, sodium, potassium, magnesium 
orcadmhun. 

The starting material of formula Ha are allowed to react with 2,3,4,5-tetra-O- 
protected aldekydo-D-iibose such as 2,4;3,5-di-ObenzyUden6-aWeVo-D-ribose (12, 
Scheme 3). The reaction is carried out in an appropriate solvent such as ethyl ether or 
tetrahydrofuran or a mixture of these solvents at a temperature range from -90 °C to 60 
"C in a period of from 1 hour to 5 days. The molar ratio of the reactants, Ha to alddiydo- 
D-ribose 12 can be from 1:1 to 1:10, preferably 1:4. Upon completion of the reaction, 
water is added to decompose excess metal-complex Ha. Condensation product is 
obtained from the organic layer by removal of the solvent and chromatographic 
purification of the residue. The product is a mixmre of altro isomer (13) and alio isomer 
(14). The hydioxyl group-of the condensation product 13 or 14 is converted into a 
leaving group by sulfonylation with a common sulfonylating agait, sudi as mesyl 
chloride, tosyl chloride, nisyl chloride, triflyl chloride, tr«syl chloride or triflic add 
anhydride in pyridine or in an inert solvent such as a dilorinated hydrocarbon, such as 
methylene chloride, chloroform, ethylene chloride and the like, m the presence of base 
such as pyridine, tiiethylamine, i>-di-methylpyridine, DBU. DBN or the like." The 
temperature range of the reaction is from -78 "C to -60 X, preferably at room 
temperature in a period of from 1 hour to 5 days. The corresponding product (15 or 16) 
is treated with a strong organic acid such as methanesulfonic acid, p-toliienesulfonic 
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acid, trifluoiomeflianesulfonic acid or trifluoroacetic acid in aa inert organic solvent such 
as chlorinated hydrocarbons at a temperature range of from 0 "C to 60 "C, preferably at 
room temperature, in a period of fixim 5 minutes to 24 hours to give the p-C-nucleoside 
pi] from flie altro isomer 15 and the a-C-nucleoside 17 from the alio isomCT 16. 
2,3.4,5-Di-O-isopropylidcne-aldehydo-D-iibose (18) or 2,3,4,5-tetra-O-benzyl-aldehydo- 
D-iibose (19) can also be used instead of 12 in the above sequence of reactions. By 
using 2,4;3,5-tetra-0-protected alddiydo-l-ribose instead of 12, the L-nucleoside 
counterpart of [H] can be obtained. 

The substitucnt in the aglycon can be converted into the carboxamide function 
at various stage of the reaction sequence. Thus, when in 13 or 14 is bromine or 
iodine, they are lithiated with butyllithium in an inert solvent, such as ethyl ether or 
tetrahydrofiiran, or a mixture of inert solvents, such as a mixture of ethyl eflier and 
hexamethylphosphoric triamide, at a temperature range of from -90 "C to 60 °C, 
preferably from -78 "C to 25 °C in a period of from 5 minutes to 5 hours. The Uthiated 
15 product is tfien treated with carbon dioxide to give caiboxylic acid (13 or 14, R' = 
CCXDH), vitoch is esterified by treatment with diazomethane in ether to afford methyl 
ester (13 or 14, R* = COOCHj). Conversion of titiis ester into carboxamide (13 or 14, 
= CONH?) is performed by treatment of the ester with alcoholic ammonia at a 
temperature range from 0 °C to 100 °C, preferably at 25 "C, in a period of from 1 hour to 
20 5 days. This halogen to carboxamide conversion can also be performed of molecule [II] 

and 17. 

When R* of 13 or 14 is carijonitrile (CN). hydration to carboxamide is achieved 
in aqueous alcohol at reflux temperature with base such as sodium hydroxide, potassium 
hydroxide, lithium hydroxide and the like or strongly basic ion-exchange resin such as 
25 Dowex-l(Oir)orAmberlite400(Oir). 
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Schemes 




18 19 



The disadvantage of the above procedure is to prepare starting aldehydo-sugar 
derivatives 12, 18 or 19, which requires large amounts of toxic aBcyhnercaptan, mercuiic 
chloride and mercuric oxide. An alternative procedure the present authors developed 
circumvents such problenas. 

The starting material for the aglycon is again Ha and the glycon is a protected 
ribo-Y-lactone, e.g,, S-O^-butyldimethylsilyW^-O-isopropyUdene-D-ribonol^^^ (20,; 
Scheme 4). These reactants are allowed to react in an inert solvent, such as ethyl ether 
or tetrahydro&ran or a mixture of these solvents at a temperature range from -90 to 
60 °C, preferably at ^C, in a period of from 1 hour to 5 days. The molar ratio of the 
reactants. Ha to lactone 20 can be from 0.1:1 to 1:10, preferably 1:1. Upon completion 
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Of the reaction, water is added to decompose excess metal-complex Ea. Condensation 
product is obtained fiom the organic layer by removal of the solvent and 
chromatoffaphicpimficationoftheresidue; The product is usually the P- anomer 21. In 
some cases, hydroxyl group of 21 can be directly removed by reduction with 
triethylffllane in an inert solvent to give an anomeric mixture of [II] and 17. The ratio of 
anomers formed is depending upon reduction conditions and not quite predictable. The 
L-nucleoside counterpart of [11] and 17 can be obtained starting from the L-ribonolactone 
instead of 20. 



Scbeme 4 



\» p-anomer 
20 . 21 we^w; ,7 «-anomer 

R = Tr, PhCHi.THP, H,C-4-fl— « H,C-|-^I— 
t^^h CH,CH, 

In many cases, however, reduction by number of known procedures does not take 
place. In such cases, 21 is reduced with sodium borohydride or lithhmi aluminum 
hydride, prefenibly sodimn borohydride. to a mixture of open-chain aliro and alio 
isomers 22 and 23 (Scheme 5). 
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Scheme 5 




2S, R = H 



After selective removal of R in 22 and 23 to 24 and 25, respectively, the vicinal 
diol is protected witii isopropylidene, benzylidene, cyclic carbonate, or orlhoester group, 
preferably isopropyHdene group to give 26 and 27, respectively. The anomeric hydroxyl 
group in these compounds can be sulfonylated, preferably mesylated. as described 
previously to the corresponding products 28 and 29. Upon treatment of the altro isomCT 
28 with trifluoroacetic acid, the desired p-C-nucleoside [U] is obtained. The aUo isomer 
gives the a-C-nucleoside 17. 

Recently, MatuKc-Adamic et al. reported that condensation of 2-fluoro-3- 
lithiopyridine with 20 (R = t-butyldiphenyisilyl) and obtained a single condensation 
product analogous to 21. They, however, could not remove the anomeric hydroxyl group 
by reduction with triethylsilane, or any other reducing agents. They treated fee 
condensation product with sodium borohydride in methanol and obtained a mixture of 
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Open-chain compounds analogous to a mixture of 23 and 25. They found that application 
of Mitsunobu reaction directly to the mixture afforded an anomeric mixture of cyclized 
compounds. Taking advantage of Matulic-Adamic discovery wc. treat a mixture of 27 
and 28 directly with triphenylphosphine and diethyl azodicaiboxylate (Mitsunobu 
reaction) in an inert solvent such as ethyl ether or tetrahydrofuran to give [U] and 17 with 
various anomeric ratios depaiding upon reaction conditions. 



Synthesis of compounds of formula [HI]: 

When Ws in compounds of formula [HI] is nitrogen, synthesis of [ffl] is 
10 * perfonned by condensation of the base ffla (Scheme 6) with a D-ribosyl derivative 30 m 
a chlorinated hydrocarbon (methylene chloride or ethylene chloride) or acetonitrile in the 
presence of Lewis acid (such as tin chloride, titanium chloride or trimethylsilyl triflate), 
followed by deprotection. The molar ratio of the reactants, IHa to sugar 30 can be from 
1:0.5 to 1:2, preferably 1:1. The temperature for the reaction can be from -10 °Cto 100 
15 ^C, preferably from 25 to 60 °C for a period from 1 hour to 1 week. Upon completion 
of the reaction, methanol is added to hydrolyze the silyl groups of the product to give 31. 
The L-nucleoside counterpart of [ffl] can be obtained when 30 is replaced by the 
conesponding L-ribosyl derivative. 

Scheme 6 



20 



RO OR HO OR HO OH 

30 31 I>"1 

R = Ac.Bz. Bnl: P? = halogen. CO2Me.CN; X = OCH3.CAC. a.Br 

It should be noted that ffla is a tetrazole (W1-W4 = N; 31 and 32), triazole (W3 or 
W4 = CH; 33 to 38), imidazole (Wi and W3 = CH; 39 to 40) or pyrazole (W3 and W4 = 
CH). condensation reaction affords a mixture of isomers (Figure 1). in pn] is readily 
modified to carboxamide. 
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When W2 in [m] is methyne (-CH=) and Wi, W3 or is (N or CH), metalatcd 
aglycon IDb (Scheme 7) is prepared and condensed with D-ribo-7-lactone derivative (20) 
according to the procedure described already with Scheme 4 to give 41, from which the 
anomaic hydroxyl group is removed to afford 42 by one of the procedures already 
discussed. The metalated aglycons IHb can be prepared from the readily available cycUc 
amide or cycUc urea (43) by treatment with phosphonis oxyhalide (X = Q or Br) to give 
the coircsponding halogeno derivative (44-46), which is then treated with n-or sec- or <- 
butyllithium in tetrahydiofuran. 

Scheme 7 



H 




42 



R = Tr. PhCH2.THP, H,c-|-fi— or H,c-|-|h- 



^^i-^"* 7=<^ "'t=<^ 

U y X X 



nib 



o 
43 



44 45 46 

X = ClorBr. M = UorCdic 



Compounds of formula HI can also be synthesized from a ribosyl nitrile or a- 
ribosyl acetonitrile. 2,3-0-IsopTopyHdcne-5-0-(r-hutykiiphenylsilyl)-p-D-rihosyhiitrile 
(49, Scheme 8) is prepared fixan the . known p-D-riboforanosyhiitrile (47) by 
15 isopropylidenation by treatment with 2>dimethoxyprDpane in acetone in the presence of 
catalytic amount of acid, such as sulfiiric, p-tohienesulfonic, methaaesulfonic or 
trifluoromethanesulfonic acid, followed by treabnent of the product 48 with, t- 
butyldiphenylsilyl chloride in pyridme in the presence of /Miimethylaminopyiidine. 
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Instead of using 2,2-dimethoxypropane, when a,a-dimethoaytoluene is used in an inert 
solvent, 2,3-O-benzylidene derivative is formed. Treatment of 47 with cyclohcxanone 
and acid, 2,3-cyclohexylidenc derivative is formed instead of 48.- These base stable 2.3- 
di-O-protected intermediates can also be used for the present invention. The 5-positioii 
of 48 or an analogue can also be protected with tetrahydropyranyl, benzoyl, t- 
butyldimethylsilyl or benzyl group. Compound 49 is reduced with sodium borohydride 
or lithium aluminum hydride or a like in an inert solvent, preferably, tetrahydrofuran, to 
give the aminomethyl product 50, which is converted into the diazomethane- 51 by 
diazotization. l,3-Di-polar addition of 51 with methyl propiolate affords the pyrazole 
derivative 52. Aimnonolysis of 52 gives carboxamide derivative 53, which, upon 
treatment with fluoride ion (tetrabutylammonium fluoride or triethylammonium 
hydrogen fluoride) affords the 2,3-0-iso-propyliene derivative 54, in which only the 5'- 
hydroxyl group is &ee. Starting from the p-L-riboiuranosylnitrile in place of 47, the P-L 
C-nucleoside counterpart of 54 can be prepared. Compound 54 or its p-L counterpart can 
be used directly in the synthesis of the NAD analogues discussed with Scheme 1 . 

Scheme 8 




Compound 49 is a versatile intemiediate. It can be converted into the thioamide 
55 (Scheme 9) which is cyclized with alkyl (methyl or ethyl) bromc^yruvate in pyridine 
gives the thiazole C-nucleoside 56. Ammonolysis of tbe ester 56, followed by fluoride 
treatment affords the 2'3'-di-0-protected C-nucleoside 57, which can be used directly in 
the NAD analogue synthesis as discussed with Scheme !• 
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jn a similar maimer, 49 can be converted into ribosylamide or selenamide (the 
sulfur in 55 is displaced by 0 or Se), from which oxazole and selenazole analogues 58 
and 59, respectively, can be prepared. , 

Scheme 9 



5 




Synthesis of compounds of formulae [IV] andJV]: 

These compounds are synthesized by the procedure Reported by Jones and Mills 
(/. Med. Ckem., 1971, 14, 305). 

The following examples are illustrative of the processes and products of the 
present invention, but are not intended to, and should not be interpreted to, limit in any 
way the invention set forth in the claims that follow thereafter. 
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Examples 

Anhydrous solvents were purchased fiioin Aldiich Chemical Company, Inc. 
(Milwaukee). Melting points (mp) were detennined on an Electrothennal digit melting 
point apparatus and arc uncorrected. *H and "C NMR spectra were taken on a Varian 
5 Unity Plus 400 spectrometer at room temperature and reported in ppm downfield from 
internal tetramethylsilane. Deuterium exchange, decoupling experiments or 2D-C0SY 
were performed in order to confirm proton assignments. Signal multiplicities are 
represented by s (smglet), d (doublet), dd (doublet of doublets), t (triplet), q (quadruplet), 
br (broad), bs (broad singlet), m (muWplct). All J-values are in Hz. Mass spectra were 
10 recorded on a JEOL JMS-SXySX102A/E mass spectrometer. Elemental analyses were 
perfomed by Atlantic Microlab Inc. (Norcross, GA). Analytic TLC was performed on 
Whatman LK6F silica gel plates, and preparative TLC on Whatman PK5F silica gel 
plates. Column chromatography was carried out on Silica Gel (Fisher, S733-1) at 
atmospheric pressure. 

1$ Example 1 

5.(2,4;3,5-Di-<)-bemylidem'D'hexityl)'3-b7omop^ (13 and I4,R-H,J^ = Br, Ws 

To a solution of 3,5-dibromopyridine (L45 g, 6.12 mmol) in dry ethyl ether (50 
mL) is slowly added {ca, 10 min) a solution of «-butyllithium (2.35 mL, 2.6 M solution 

20 in «-hexane, 6.12 mmol) below -50 ^C under argon atmosphere. After addition is 
completed, the reaction mixture is further stirred for 15 mmutes. The mixture is then 
cooled to -78 °C and a solution of 2,4;3,5-di-0-bcn2ylidene-D-fl/&/ry<io-ribose (12, 500 
mg, 1.53 mmol) in tetrahydrofuran (5 mL) is added dropwise, and flien the reaction 
mixture is allowed to warm to room temperature. Water (50 mL) is added to the reaction 

25 mixture. The organic layer is separated, washed with brine (30 mL x 3), dried over 
sodium sulfate, and then concentrated in vacuo. , The residue is chromatographed on a 
column of silica gel (20 g) using first methylene chloride and then 10% ethyl ether m 
methylene chloride as the eluent, to give a slightly yellow product, which is crystallized 



58 



wo 02/48165 



PCT/USOl/49231 



from ethanol (420 mg, 52%), mp. 170-174°C. mAR (CDCI3): 5 3.8-4.4 (5H, m, H- 
2',3',4',5%50, 5.0 (IH, M, H-l'), 5.60, 5.64, 5.71, 5.74 (2H, 4S, benzyUdene -CH<), 
738 (lOH, s, Ph), 7.98 (IH. m. H-2), 8.58 (2H, m, H-4.5). 

This solid is a mixture of 13 and 14. 

By following the same procedure but using the corresponding aldehydo-D-ribose 
(19 and 20) as the starting materials, 5-(2,3;4,5-di-0-isopropylidene-D-hexityl)-3- 
bromopyrimidine and 5-(2,3,4,5-tetra-0-benzyl-D-hexityl>3-hromopyridinc arc also 
prepared as altro/allo mixtures. 

By following the same procedure but using the corresponding bases as the 
starting materials, the following compounds are also prepared as altro/allo mixtures: 

4- (2,4;3^-Di-0-benzylidene-D-]iexityl>2-bromopyridine, 

3- (2,4;3,5-Di-Obenzylideae-D-hexityl>2-bromopyridine, 

5- (2,4;3,5-Di.O-bemylidene-D-hexityl>2.bromopyridine, 

6- (2,4;3>Di-0-benzylidene-D-hexityl>2-bromopyridine, 
6-(2,4;3,5-Di-0-benzylidene-D-hexityl)-3-bromopyridine, 

4- (2,4;3,5-Di-0-benzylidene-D-hexityl)-3-bromopyiidine, 
2-(2,4;3,5-Di-0-43en2ylidcne-D-hexityl)-3-bromopyridine, 

2- (2,4;3,5-Di-0-benzylidene-D-hexityl)-4-bromopyridine, 
3<2,4;3,5-Di-0-benzylidenB-D-hexityl>4-bromopyridine, 

4- (2,4;3,5.Di-0-ben2ylidene-D-hexityl)-2^hlon)pyridme, 

3- (2,4;3,5-Di-0-ben2ylidene-D-hexityl)-2-ch]oropyridine, 

5- (2,4;3,5-Di-0-ben2ylidene-D-hexityl)-2-chloropyridine, 

6- (2,4;3,5-Di-0-ben2ylidene-D-hexityl>2-chloropyridine, 
6-(2,4;3,5-Di-0-ben2ylidene-D-hexityl)-3-chloropyridine, 
5-(2,4;3,5-Di-0-benzylidene-D-hexityl)-3^hloropyridine, 

4- (2,4;3,5-Di-0-benzylidene.D-hexityl>3-chloropyridine, 
2-(2,4;3,5-Di-0-ben2ylidene-D-hexityl)-3-chloropyri.dine, 

2- (2,4;3,5-Di-Orben2ylidene-D-hexityl)-4-chloropyridine, 

3- (2,4;3,5-Di-0-ben2ylidene-D-hexityl)-4-chloropyridine, 

4- (2,4;3,5-Di-0-benzy!idene-D-hexityI)-2-iodopyridine, 
3-(2,4;3,5-Di-0-benzylidene-D-hexityl)-2-iodopyridine, 
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5- (2,4;3^-Di-0-benzy!idene-D-h6xityl)-2-iodopyridine. 

6- (2,4;3,5-Di-0-benzylidaie-D-hexityl)-2-iodopyridiiie, 
6-(2,4;3,5-Di-0-ben2ylidene-D-hexityl>3-iodopyridine, . 
5-(2,4;3,5~Di-0-benzylidene-D-hexityl>3-iodopyridiiie, 
4-{2,4;3,5-Di--0-benzylidene-D-hexityl)-3'iodopyridine, 
2-(2,4;3,5-Di-0-benzylidene-D-hexityl)-3-iodopyridine, 

2- (2,4;3,5-Di-0-bcnzylidene-D-bexityl>4-iodopyridme, 

3- (2,4;3,5-Di-0-ben2ylidene-D-hexityl)-4-'iodopyridme, 

4- (2,4;3,5-Di-0-benzylidene-D-hexityl>2-cyanopyridine, 
. 3-(2,4;3,5-Di-0-benzylidene-D-hexityl>2-cyanopyridine, 

5- (2,4;3,5-Di-0-benzylidcne-D-hexityl>2-cyanopyridine, 

6- (2,4;3,5-Di-0-beiizylidene-D-hexityl)-2-cyanopyridiiie, 

5- (2,4;3,5-Di-O-beiizylidene-D-hexity0-3-K?yanopfyridine, 

6- (2,4;3,5-Di-0-benzylidene-D-hexityl)-3-cyanopyridine, 
4-(2,4;3,5-Di-0-benzylidene-D-hexityl>3-cyanopyridme, 
2-(2,4;3,5-Di-0-bcnzylidene-D-hexityI>3-cyanopyridine, 
2K2,4;3,5-Di-0-benzylidene-D-hexityI)-4-cyanopyridine, and 
3'<2A3,5-D3-0-benzylidene-D-hexityl)-4-cyanopyridme, 

By following the same procedoire but using 2,4;3,5-di-C>-benzylidene-L- 
aldehydo-ribose, thye L-counterpart of 13 and 14 are prepared. 

Example 2 

Methyl 5-(2,4;3,5'di'0-bemylide}ie''D--hexityl)nicotinate (13 and 14, R^H, R^=^C02CH3, 

To a sohition of 5<2,4;3,5-di-0-b€nzylidene-I>-hexityl)-3-bromopyridine (200 
mg, 0.43 mmol) in a mixture of hexamethylpbosphoric triamide (0.5 mL) and ethyl ether 
(5 mL) is added a solution of butyllithium (2 mL of 2.5 M solution in n-hcxanc, 5 mmol) 
under argon atmosphere at -78 After the addition, the mixture is stirred at -78 ""C for 
15 minutes. A large excess of solid carbon dioxide is added, and the mixture is allowed 
to warm to room temperature. The mixture is acidified by addition of IN hydrochloric 
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acid to pH 4, and the organic layer is washed with brine (3x5 mL), dried over sodium 
sulfate. After removal of sodium sulfate by filtration, the filtrate is cooled to 0 and 
treated v^ath a large excess of ethereal diazomethane. Excess diazomethane is then 
destroyed by addition of acetic acid. The mixture is concentrated in vacuo, and the 
residue is chromatographed on a silica gel column using /i-hexane-ethyl acetate (7:3) as 
the eluent. Methyl 5-(2,4;3,5-di-0-benzylidene-D-hexityl)Tiicodnate is obtained as a 
mixture of altro/aDo epimers (13 and 14, R = H, R' = CO2CH3, We = N, Ws = W7 = Ws = 
CH), 121 mg (65%), mp 175-178 'C. NMR (CDCI3): 8 3.5-4.4 (5H, m, H- 
2*,3',4',5',5a 3.92, 3.94 (3H, 2s, Me ester), 5.11 (IH, m, H-l'), 5.58, 5.65, 5.71, 5.75 
(2H, 4s, benzylidene -CH<), 7.37, 7.38 (1 OH, 2s, Ph), 8.42, 8.83, 9. 13 (3H, 3s, pyridme). 

By following the same procedure but usmg the corresponding pyridine 
intermediates, the following methyl esters are prepared: 

Methyl 6-(2,4;3,5-Di-0-benzylidene-D-hexityl)mcotinate, 
Methyl 4-(2,4;3,5-Di-0-baizyEdcne-D-hcxityl)nicotinate, 
Methyl 2-(2,4;3,5-Di-0-benzy]idene-D-Jiexityl)nicotinate, 
Methyl 4-(2,4;3,5-Di-0-benzylidene-D-hexityl)picolinate, 
Methyl 3-(2,4;3.5-Di-0-ben2ylidene-D-hexityl)picolinate, 
Methyl 5-(2,4;3,5-Di.O-ben2yKdene-D-hexityl)picolinate, 
Methyl 6-(2,4;3,5-Di-0-benzylidene-D-hOTtyl)picolinate, 
Methyl 2-(2,4;3,5-di-0-benzylidene-D-hexityl)isonicotinate, and 
Methyl 3-(2,4;3,5-di-0-benzylidene-D-hexityl)i5onicotinate. 

By followmg the same procedure but usmg the coirespondmg L-intemediates, 
the L-count^art of the above compounds are synthesized. 

Example 3 

Methyl 5'(2,4:3J-di'0-benzylidene-J>'kexityl)niccdii^ (13 and 14, R = H. R^ = 
CONH2,Wg = KWs=W7 = Ws^CH). 

An altro/allo epimeric mixture of methyl 5-(2,4;3,5-di-0-benzylidene-D-hexityl)- 
nicotinate (220 mg, 0.48 comol) is treated with saturated methanolic ammonia containing 



61 



wo 02/48165 



PCT/USOl/49231 



a catalytic amount of sodium hydride {ca. 2 mg), and the mixture is stirred at room 
temperature overnight. The solvent is removed in vacuo, and the residue is 
chromatograpbed on a silica gel coliiran using chlorofonn-methanbl (95:5) as the eluent 
Methyl 5-(2,4;3,5-di-0-ben2yhdene-D-hexityl)nicotinaniide is obtained as a mixture of 
altro and alio epimers (13 and 14, R = H, = CONH2, We = N, W5 = W7 = Wg = CH), 
as a form, 185 mg (87%). NMR (Me2SO-d6): 5 3.5-4.3 (5H, m, H-2',3S4',5%5"), 
5.00 (IH, m, H-r), 5.64 5.76, 5.77, 5.89 (2H, 4s, benzylidene -CH<), 7.39 (lOH, s, 
phenyl), 7.50, 8.21 (4H, 2 broad s, CONH2), 8.29, 8.68, 8.95 (3H, 3m, pyridine). 

By following the same procedure but using the corresponding methyl esters^ the 
following carboxamides are prepared: • 

6-(2,4;3,5-Di<)-benzyUdene-D-hexityl)nicotinamide, 
4-<2,4;3,5.Di-0-ben2yKdene-D-hexityl)mcotinaimde, 

2- (2,4;3,5.Di-0-benzyIidene-D-hexityl)nicotinamide, 

4- (2,4;3,5-Di-Obenzylidene-D-hexityl)picoHnamide, 

3- (2,4;3,5.Di-0-benzylidfinc-D-hexityl)picoHnamide, 

5- (2,4;3,5-Di-0-ben2ylidene-D-hexityl)picoIinamide, 

6- (2,4;3,5-Di-0-benzylidene-D-hexityl)picohnamide, 

2- (2,4;3,5-di-0-benzylidene-D-hexityl)isonicotinamide, and 

3- (2,4;3,5-di-0-beiizylidene-D-hexityl)isonicotinamide. 

The L-isomers are also prepared in a similar manner by starting from the 
corresponding L-intenuediates. 

Example 4 

5'(2,4;3,5-Di'<}'ben^lidene'I-(>-mesyl'D'h and 14, R ^Ms, 

An altro/allo mixture of 5-(2,4;3,5-di-0-benzylidene-D-hexityl)-3-bromopyridine 
(226 mg, 0.47 mmol) is dissolved in pyridine (10 fiL) and treated at 0 ""C with mesyl 
chloride (72 jiL, 0.93 mmol). The mixture is stirred at room temperature for 20 hours, 
and then concentrated in vacuo. The residue is dissolved in ethyl aceUte (20 mL) and 
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the solution is washed successively with equal volumes of water, IN hydrochloric acid, 
brine, saturated sodium bicarbonate solution, and dried over sodium sulfate. After 
condensation of the solution to dryness, the residue is chromatographed on a silica gel 
column using n-hexane-ethyl acetate (3:7) as the eluent. 5-(2,4,3,5-Di-0-ben2ylidenc-l- 
0-mesyl-D-hexityl>3-bromopyridine as an epimeric altro/allo mixture is obtained as 
microcrystals, 223 mg (91%), mp 125-134 ^C. NMR (CDC13): 6 2,93, 2.95 (3a 2s, 
Ms), 3.7-4.5 (5H, m, H-2^3^4^5^5'^ 5.51, 5.66, 5.79 (2H, 3s, benzylidene -CH<), 5.90 
(IH, m, H-1 'I 7.40 (lOH, s, phenyl), 8.0 (IH, m, H-2), 8.7 (2H, m, H-4,6). 

By following the same procedure but using the corresponding altro/allo mixture 
of (2,4;3,5-di-0-bcnzylidene-D-hexityl)pyridincs as the starting materials, the following 
mesylates are also prepared: 

4- (2,4;3,5-Di-C^benzylidene-l-0-mesyl-D-hexityl>2-bromopyridine, 
3<2,4;3,5-Di-0-benzyUdene-l-0-mesyl-D-hcxityl)-2-bromopyridine, 

5- (2,4;3,5-Di-(>benzylidene-l-0-mesyl-D-hexityl>24}romopyri^^ 

6- (2,4;3,5-Di-0-ben2ylidene4-amesyl-D-hexityl)-245roniopyri^^^ 
6-(2,4;3.5-Di<)-ben2yIidene-l-0-mesyl-D-hexityl)-3-bromopyridi^^^ 
4-(2,4;3,5-Di-0-ben2yhdene.l-0-mesyl-D-hexityl)-3-bromopyrito^^ 

2- (2,4;3,5.Di-0-ben2ylidene.l-0-mesyl-D-hexityl)-3-bromopyridine, 
2K2,4;3,5-Di<)-ben2ylidene-l-0-mesyl-D-hexityl)-4-bromopyridine^ 

3- (2,4;3,5-Di-0-bcDzyhdene-l-0-mcsyl-D-hcxityl)-4-bromopyridinc, 

4- (2,4;3,5-Di-0-benzylidene-l-Omesyl-D-hexityl)-2-chloropyridine, 

3- (2,4;3,5-r)i-0-benzyhd^c- 1 -Omesyl-D-hexityl)-2-chloropyridine, 

5- (2,4;3,5-Di-0-benzylidene-l-O-mesyl-D-hexityl)-2-chloropyridine, 

5- (2,4;3,5-Di-0-ben2ylidene-l-0-mesyl-D-hexityl)-2-chloropyridine, 

6- (2,4;3,5-K-0-b6nzyUdcnc-l-amc5yl-D-hexityl>3-cWon)pyridin^^ 
5-(2,4;3,5-Di-0-benzylidene-l .0-mesyl-D-hexityl)-3-chloropyridine, 

4- (2,4;3,5-Di-0-benzylidene-l -0-mesyl-D-hexityl)-3-chloropyridine, 
2-(2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-hexityl)-3-chloropyridine, 

2- (2,4;3,5-Di-0-ben2ylidaie-l-0-mesyl-D-hexityl)-4-chioropyridine, 

3- (2,4;3,5-Di-0-benzylidene-l -0-mesyl-D-hexityl)-4-c^ort)pyridine, 

4- (2,4;3,5-Di-0-benzylideue-l-0-racsyl-D-hcxityl>2-iodopyridinc, 
3-(2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-hexityl)-2-iodopyridine, 
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5- (2,4;3,5-Di-0-ben2ylidene.l-0«mesyl-D-hexity1>2-iodopyridiiie. 

6- <2.4;3,5-Di-0-benzyIidene-l-0-mesyl-D-hexityl>2-iodopyridm^^ 
6<2,4;3,5-Di-0-bcnzylidene4-0-mesyl-D-hexityl)-3-iodopyridm 
5_(2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-hexityl)-3-iodopyridiiie, 
4-(2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-hexityl)-3-iodopyridme, 
2-(2,4;3,5-Di-0-bemylidene4-0-mesyl-D-hexityl)-3-iodop>aidme, 

2- (2,4;3,5-Di-0-benzylidene4-0-mesyl-D-hexityl)-4-iodopyridme, 

3- (2,4;3,5-Di-0-benzylidene4-0-mesyl-D-hexityl)-4-iodopyridin 

4- (2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-hexityl>2-cyanopyridine, 

3- (2,4;3,5-Di-0-benzyUdene4:0-mesyl-D-hexityl)-2-cyanopyridine, 

5- (2,4;3,5-Di-0-benzyUdene4-0-mesyl-D-hexityl)-2-cyanopyiidine, 
6<2,4;3,5-Di-0-beiizylidene4-0-mesyl-D-hexityl)-2-cyanopyridine, 

5- (2,4;3,5-Di-0-benzyUdene4-0-mesyl-D-hexityl)-3.cyanopyridine, 

6- (2,4;3,5-Di-0-beiizyUdene-l-0-mesyl-D-hexityl)-3-cyanopyridme, 

4- (2,4;3,5-Di-0-benzyUdene4-0-mesy^D-hexityI)-3-cyanopyridm^^ 

2- (2,4;3^'Di-<>beii2yUdene-l-C^mesyl-D-hexityl>3.cya^ 
2<2,4;3,5-Di-(>ben2ylid6rie4-0-me5yl-I>hexitylH-<^ano 

3- (2,4;3^-Di-04)enzyUdene4-0-mesyl-D-hddtyl)-4-cyanopy^ 
Methyl 6-(2,4;3,5-di-aben2ylidene-l-amesyl-D.hexity0nicot^^ 
Methyl 4<2,4;3,5-di-0-bcmyUdene-l-0-mesyl-D-hexityl)niTO 
Methyl 2K2,4;3,5-di-0-benzyHdene-l-amesyl-D-hexityl)ni^ 
Methyl4K2,4;3,5-di-0-beiizyKdene-l-amesyl-D-hexityl)pk^ 
Methyl 3K2,4;3,5-di-0-benzylidene-l-O-mesyl-D-hexityl^^^ 
Methyl 5.(2,4;3,5-di-0-benzyHdene.l-amesyl.D-hexityl^^ 
Methyl 6-(2,4;3,S-di-0-ben:qrlidene-l-0-mesyl-I>he^^^ 
Methyl 2-(2,4;3,5-di-abeazylidene4-amesyl-D-hexity^^^ 

Methyl 3-(2,4;3,5-di-0-bcnzylidene-l-0-mesyl-D-hexityl)isonicot^^ 

2- (2,4;3^-W-04)OTzylidene-l-0-mesyl-D-hcxityl)nicotin^ 

4- (2A3»5-I>i-04)enzylidene-l-0-mesyl-D-hexityl)picoUM 

3- (2,4;3^-IM-b-beiiqrlidene-]-0-niesyl-D.hexityl)picoUn^ 
5.(2,4;3,5-I>i-04)eiizylidene-l-O-mesyl-D-hexityi^^^ 
6-(2,4;3,5-Di-0-bcnzylidene-l -0-mesyl-D-hexityl)picolinainide, 
2-(2.4;3^-Di-04)en2ylidene-l-b-mesyl-D-hexityl)isomcoti^ 
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3.(2,4;3,5-Di-0-ben2yUdmc-l-0-mesyl-D-h«dtyl)isonicotinanu 

By foUowii^ the same procedure but using tosyl chloride„triflyl chloride, triflyl 
anhydride or tresyl chloride instead of mesyl chloride, the cotresponding sulfonylates of 
the above mesylates are also prepared. 

In a similar manner, the corresponding L-derivatives are prepared. . 



Examples 

's^fi-D-RibqfuranosyOnicotinamide (H. = CONH2. Ws = A: Ws = Wy=Ws = CH) and 
5.(a-D-riboJuranosyl)mcotinamide (17,^ = CONHz Wf =N.Ws = Wr=Ws = CH). 

An altro/allo mixture of 5-(2,4;3,5-di-0-benzylidene-l-0-mesyl.D-hexityl). 
nicotinamide (48 mg, 0.19 nM) is dissolved in a mixture of trifluoroacetic acid and 
chlorofonn (4:1 v/v), and the mixture is stirred for 15 minutes at room temperature. 
Water (8 mL) is added and the aqueous layer is washed five times with ethyl ether (equal 
volume each). After evaporation of the aqueous solution, the residue is 
chromatographed on a silica gel column using chlorofonn-methanol (9:1 v/v) as the 
eluent. 5-p-D.Ribofuranosyl)mcotinamide [U, = CONH2, = N. W3 = W7 = Wj = 
CH) is eluted first from the column, and obtained as a powder. 'H NMR (MezSO-dg): 5 
8.92 (IH, d. H-4, spacing 1.92 Hz), 8.70 (IH, d. H-6, spacing 1.92 Hz). 8.16 (IH, m, H- 
2). 4.68 (IH. d, H-r, Jrx = 7.4 Hz), 3.06-3.16 (5H. m, H-2',3%4'.5',5'% 5-(a-D- 
iibofimmosyl)nicotinamide [17. - CONH2, Wg = N. W, = W7 = Wg - CH) is ehited 
next j&om the cohunn, and crystallized ftom methanol, mp 210-212 "C. NMR 
(MejSO-ds): 5 8.89 (IH. bs. H.2), 8.59 (1H. bs, H-6), 8.14 (IH, bs, H-4). 5.08 (IH, bs, 
H-l'), 3.17-4.12 (5H, m, H-2',3',4',5',5"). 

By following the same procedure but using the coixespraiding ahro/allo mixture 
of (2,4;3.5-di-0-benzyUdene-D-hexityl)pyridines as the starting materials, tiie following 
pyridine C-nucleosides are also prepared: 

3-(p-D-ribotoanosyl)-2-bromopyridine, 4-(P-D-riboluranosyl)-2-bromopyridine, 5-(p- 
D.ribofuianosyl)-2.bromopyridinc. 6-(p-D-ribofunmosyl)-2-hromopyridine, 6-(p-D- 
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10 



ribo-funiiiosyl)-3-broinopyridme, 4-(P-D-ribofuranosyl)-3-broiiiopyridme, 2-(P-D-ribo- 
ftraiiosyl)-3-bromopyridmc, 2-(P-D-riboforano8yl)-4-bromopyridine, 3-(P-D-ribo- 
fcranosyl)-4-bromopyridinc, 4-(prD-riboiurano8yl)-2-chloropyridme. 3-(P-D-ribo- 
ftiranosyl)-2-chlon)pyridine, 5-(P-D-nl»-funmo8yl)-2-cMoropyridine, 6KP-D-ribo- 
furanosyl)-2-chloropyridme. 6-(P-D-ribofiiranosyl)-3.chloiopyridinc, 5-(P-D- 
ribofuranosyl)-3-chloropyridine, 4-(P-D-ribofuranosyl).3.chloro.pyridine, 2.(p-D- 
ribofuranosyi)-3-chloro-pyridme, 2-<p-D-riboftiraiiosyl)-4-chloropyridix]e, 3-(P-D- 
ribofiiranosylH-chloropyridine. 4-(P-D-ribofuranosyl)-2-iodopyridme, 3-(P-D-ribo- 
fuiaiiosyl>2-iodopyridme, 5-(P-D-ribo-&ranosyI)-2-iodopyridiiie, e^P-D- 
ribofuranosylH-iodbpyridine. • - 6^P-D-ribofunino5yl).3-iodopyridme, 5-(p-D- 
ribofuianosyl)-3-iodopyridine, 4KP-D-ribofuranosyl)-3-iodopyridine, 2-(P-D- 
ribofiiranosyl)-3-iodopyridine, 2-(p-D-ribo-furanosyIH-iodopyridine, 3-(P-D-ribo. 
furanosylH-iodopyridine. 4-(P-D-ribofiiranosyl)-2-cyanopyridin6. 3-(P-P- 
ribofuranosylH-cyanopyridine, 5-(P-D-ribofuranosyl).2-cyano-pyridine, 6-(P-D- 
15 ribofiiranosyl)-2-cyano.pyridine, 5<p-D-nT»funinosyl>3-cyanopyridme. 6-(P-D- 
ribofuranosyl)-3-cyanopyridine, 4-{p-D-ribofiiranosyl)-3-cyanopyridine, 2-(p-D-ribo- 
fTiranosyl)-3-cyanopyridine, 2-(P-D-ribo-lbnmosyl>4-cymopyridine, 3KP-D- 
ribofuranosylH-cyanopyridine, metbyl 6KP-D-ribo-furanosyI)nicotinate. mefliyl 4-(P- 
D-ribofuianosyl)mcotmate, methyl 2-(p-D-ribo-fiiranosyl)nicotiiiate. methyl 
ribofuranosyl)picolmate, methyl 3-(p-D-ribo-£uranosyl)picolinate, methyl S^p-D- 
riboftranosyDpicolinate, methyl 6-(P-D-ribo-furanosyl)picolinate, methyl 2-(P^D- 
ribofuranosyl)isonicotinate. methyl 3-(p-D-ribo-funnosyl>isonicotmate, methyl 6-(P-D- 
ribofwanosyDnicotinate, - methyl 4-(p-D-ribo-fiiranosyl)mcotmate. 2-(P-D- 
riboftranosyl)nicotmamide. 4-(p-D-ribofuranosyl)-picolmamide. 3-{p-D-ribo- 
25 furanosyDpicolinamide. 5-(P-D-ribofuranosyl)picolinaimde, 6-(P-D-riboftraiiosyl)- 
picolinamide, 2-(P-D-ribofuianosyl)isonicotinamide, 3-(P-D-ribo- 

fiiranosyl)isonicotmamide. 4-(a-D-riboforanosyl)-2-bromopyridme. 3-(a-D- 
ribofuraD08yl)-2-brombpyridme, 5-(a-D-ribo-furanosyl>2-bromopyiidine, 6-(a-D- 
ribofuranosyl)-2.bromo-pyridme, 6-(a-D-ribofuraiiosyl)-3-bromopyridine. 4-(a-D- 
30 ribofuranosyl)-3-bromopyridme, 2-(a-D-iibofuranosyl>3,bromo-pyridme, 2-(a-D- 
ribofuranosylH-bromopyridme. SKo-D-riboftranosylH-breniopyridine. 4-(a-D- 
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ribofuranosyl)-2-chloropyridinc 3-(a-D-ribo-furanosyl)-2-cWoropyridme. 5-(a-D-ribo- 
furaiiosyl)-2-chloropyridiiie, 6<a-D-ribo-furanosyl)-2-chlon>pyiidine, 6-(a-D- 
ribofiiranosyl)-3-chloropyridine, ■5-(a-D-ribo-fcranosyl)-3-chloropyridmc 4-(a-D- 
riboftranosyD-S-chloro-pyridine, 2-{a-D-ribo-fiaranosyl>3-chloropyridme, 2-{a-D- 
riboftianosylH-chloropyridine, 3<a.D-ribo-fiiranosyl)-4-cWo«>pyridine, 4-(o-D- 
riboftraiiosyl)-2-iodopyridine, 3-(a-D-ribo-furanosyl>2-iodopyridine. 5-(a-D- 
riboftranosyl)-2-iodopyridine. 6-(a-D-ribofiinmosyI)-2-iodo-pyridme, 6-(o-D- 
ribofiiranosyl)-3-iodopyridine, 5.(a.D-iibofuranosyl>3-iodopyiidiiie, 4<a-D- 
ribofuranosyD-3-iodopyridinc, 2-(a-D-ribofunmosyl)-3-iodopyridine. 2-(a-D-ribo- 
furanosyl)-4-iodopyridine;3-(o-D-nT5oftrmosylH-iodopyrid^^^ 
2-cyanopyridme, 3-(a-D-ribofuianosyl)-2-cyanopyridme, 5-(o-p.ribofiiranosyI)-2- 
cyano-pyridine. 6-(a-D-ribofunmosyl>2-cyanopyridinc, 5-(a-D-ribofunuiosyI>3- 
cyanopyridine, 6-(a-D-ribofuranosyl)-3^yanopyridine, 4<a-D-ribofi]iaBosyl>3- 
cyanopyridiiie^-(a-D-ribofuranosyl)-3-cyanopyridiiie, 2-(o-D-ribofuranosyl>4- 
cyaropyridme, 3-(a-D-ribo-fuianosyl)-4-cyanopyridme. methyl 6-(a-D- 
ribofiiranosyl)mcotinate, methyl 4-(a-D-ribo-&ranosyl)nicotinate. methyl 2-(a-D- 
ribofiiranosyl)mcotinaic, methyl 4-(o-D-ribo-&raiiosyl)picolimte. methyl 3-(a-D- 
nbofmanosyl)picolinate, methyl 5-(a-D-ribo-furanosyl)picolinate, mrthyl 6-(arD- 
ribofuranosyl)picoluiate, methyl 2-(a-D-ribo-fuiano8yl)isoiiicotmate, methyl 3-(a.D- 
ribo-fiiranosyDisonicotinate. methyl 6-(a-D-ribo-funmo5yl)nicotinate, methyl H^-D-. 
ribofuranosyl)nicotmate, 2.(a-D-ribofuranosyl>nicotinamide, 4-(a-D-ribofiitanosyl> 
picolinamidc, 3-(a-D-ribofuraiiosyl)picolmmude, 5-(a-D-ribofuranosyDpicolinamide. 6- 
(a-D-ribofuranosyI)picoUnamide. 2-<a-D-ribo-furanosyl)isonicotmamide, and 3-{a-D- 
ribo-furanosyl)isonicotinamide. 

By following the same procedures but using ttie corresponding altro/allo mixtures 
of (2.4;3.5-di-0-benzylidene-L-hexityl)pyridines as the starting material, the L- 
nucleoside counteiparts of the above C-nucleosides are also prepared. 



67 



wo 02/48165 



PCTAJSOl/49231 



Example 6 

5.(p.D-IUbofiircmosyl)nicottnamide'(n, Jt'^CONHz Ws^'N.- Ws=W7=We=CH) and 5-(a- 
D-ribqfuranosyl)nicotinamide (17, S^-CONHz . We^N, Wf-Wj^Ws^CH) - an 
altemattve synthesis. 

A solution of an allro/allo isomeric mixture of 5-{2,4;3,5-di-0-benzyliden©-D- 
hexityl>3-cyanopyridine (80 mg. 0.19 mmol) in a mixture of water and methanol (10 
mL. 1:1) is refluxed for 1.5 hours with Amberlite 400 (OK) (3 g). The resin is.removed 
by filtration and the filtrate is concentialed to dryness in vacuo. The residue is purified 
by silica gel column chromatography using chloroform-methanol (95:5 v/v) as the 
eluent. 5.(2,4;3,5-di-0-benzylid«aie-D-he3dtyl)-nicotinamide is obtained as an altro/allo 
mixture, which is identical with an authentic sample prepared according to the procedure 
as described in Example 3. 

By following the procedure of Example 6 but using the corresponding 
cyanopyrimidine derivatives, the foUowing carboxamides are also synthesized: 

4-(2,4;3,5-di-0-bCTzylidene-D-hexityl)picolinamide, 3-(2,4;3,5-di-0-benzylidene-D- 
hexityl)picolinaniide, 5-(2,4;3,5-diO-benzylidene-D-hexityl)picolinamide, 6-(2,4;3,5-di- 
0.benzylideae-D-hexityl)picolinamide, 6-(2,4;3,5.Di-0-ben2ylideae-D-hexityl> 
nicotmamide, 4-(2,4;3.5-Di-0-benzylidene-D-hexityl)nicotinamide, 2-(2,4;3,5-Di-0- 
benzylidcnc-D-hexi1yl)nicotinamidc, 2-(2,4;3,5-Di-0-benzylidene-D- 
bexityl)isoQicotinamide, and 3-(2,4;3,5-Di-0-bcnzyUdene-D-hexityl)isonicotinamide. 

These carboxamides synthesized by the procedure described m Example 6 are 
identical with the conesponding samples prepared by foBowing the procedure of 
Examples. . 
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Example? 

Separation of altro- and allo-isomers.- 

A exude altro/allo isomeric mixture of 6-(2,4;3,5-di-0-beiizyHdene-D-hexityl)-2- 
bromopyridinc prepared by condensation of 2,6-dibromopyridine (2.18 g, 9.20 rranol) 
and 2,4,3,5-di-O-benzyUdene-D-aldehydo-ribose (1.0 g, 3.06 mmol) according to the 
procedure of Example 1 is placed on a silica gel column, which is washed witti n- 
hexane-ethyl acetate (94:6). 6K2,4,3>Di-0-benzylidene.I>^trityl)-2-bromQ^^ 
(342 mg, 23%) is eluted first. The coltmm is thai washed with /i-hexane-ethyl acetate 
(92:8) solvent system, which elutes 6-(2,4,3,5-di-0-benzylidene-D-amtyl)-2- 
bromopyridine (282 mg, 19%). Both isomers are obtained as foams. 

NMR for the altrityl isomer (CDCI3): 5 7.55-7.05 (13H, m, aromatic H), 5.77, 5.49 
(2H, 2s. benzylidene -CH<), 5.14 (IH, q, collapsed to d on addition of D2O, H-l Jr^«= 
3.02 Hz), 4.40 (2H, m, H-2'3'X 3.92 (3H, m, H-4\5',5"). 

NMR for the aUityl isomer (CDQs): 5 7.49-7.24 (13H, m, aromatic H), 5.66, (2H, 2s, 
benzylidene -CH<), 5.0 (IH, broad s, H-l'), 4.32 {2H, m, H-2\3'), 3.97 (3H, m, H- 
4',5',5"). 

By following the same procedure but using the corresponding (2,4;3,5-di-0- 
benzylidene-D-hexityl)pyridines, the following derivatives are obtained: 

4-(2,4;3,5-Di-0-ben2ylidene-D-altrityl)-2-bromopyridine, 

4- (2,4;3,5-Di-CM?cnzylidene-D-allityl)-2-biomopyridine, 
3-(2,4;3,5-Di-0-*enzylidene-D-altrityi>-2-bromopyridm 
3-(2,4;3,5-Di-0-ben2ylidene-D-allityl)-2-biomopyridine, 
3-(2,4;3,5-Di-0-ben2ylidene-D-altiityl)-2-bromopyridine, 

3- (2,4;3,5-Di-0-benzylidene-D-allityl)-2-biomopyridine, 
6K2,4;3,5-Di-0-ben2yHdene-D-altrityl)-3-bromopyridine, 
6K2,4;3,5-Di-C)-bcnrylidcne-D-allityl)-3-biomopyridine, 

5- (2,4;3,5-Di-0-benzylidene-D-altrityl)-3-bromopyridinc, 
5-(2,4;3,5-Di-0-benzylidene-D-allityl)-3-bromopyridine, 

4- (2,4;3,5-Di-0-ben2ylidene-D-altrityl)-3-hromopyridinc, 
4-(2,4;3,5-Di-0-benzylidene-D-allityl)-3-bromopyridine, 
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2-(2,4;3^-Di-0-benzylidene-D-altrityl)-3-bromopyridine, 

2- <2,4;3^-Di-0-benzylidenc-D-allityl)-3-bromopyridmc, 
2K2,4;3,5-W-0-ben2yUdene-D-aItrityl)-4-bromopyridine, 

2. (2,4;3^-Di-0-bcn2ylidene-D-allityi>4-bromopyridm^ 

3- (2,4;3^-IM-0-benzylidene-D-altrityl)-4-broinopyTidme, 

3- (234;3,5-Di-0-benzylidene-D-allityl)-4-bromopyridme, 

4- (2,4;3,5-Di-0-benzylidene-D-altrityl)-2-chloropyiidine, 

4- (2,4;3^-Di-0-bQQzylideBe-D-allityl)-2-chloropyridme, 

3- (2,4;3,5-Di-0-ben2ylidene-D-altrityl)-2-chloropyridine, 

3. {2,4;3^-Di-0-benzylidene-D-allityl)r2-cWoropyridine, 

5- (2,4;3^-Di-0-bea2ylidene-D.altrityl)-2-chloropyridme, 

5- (2,4;3,5-Di-0-benzylidene-D-allityl)-2-chloropyridme, 

6- (2,4;3,5-Di-0-benzylidene-D-altrityl)-2-chloropyridine, 
6-(2,4;3,5-Di-0-benzylidene-D-allityl)-2-chloropyridine, 
6-(2,4;3,5-Di-0-benzylidene-D-altrityl>3-chloropyridine. 
6-<2,4;3^-Di-0-benzylidene.D-allityl)-3-chloiopyridiiie, 
5-(2,4;3^-Di-0-benzylidene-D-altrityl)-3-chloTopyridine, 
5-(2,4;3,5-Di-0-beii2^1idene-D-alUtyl)-3-chIoropyrid^^^ 

4- (2,4;3,5-Di-0-benzyHdenc-D-altrityl>3-chloropyrii^^^ 
4K2,4;3,5-Di-0*enzyHdene-D-alUtyl)-3KJhloropyridine, 
2-(2,4;3^-Di-04)enzylidenc.D-altrityI>3-chloropyrito^ 
2-(2,4;3^-Di-0-beiizylidene-D-allityl)-3-chloropyridme, 

2-(2,4;3^-m"04>en2yHdene-D-altritylH^ 

2- (2,4;3^-Di-04>en2ylidene-D-allityl)-4-chloropyri 

3- (2,4;3,5-Di-0-beDzylidene-D-altritylH-<^Woropyrid^^ 

3- (2,4;3^-M-04}eQ2yUdene-D-alUtyl)-4^Woropyridm^ 

4. (2,4;3^-Di-0-ben2ylidene-D-dtiityl>24odopyridme. 

4- (2,4;3,5-Di-CM)en2ylidene-D.alUtyl)-2-iodopyridine, 
3-{2,4;3,5-Di-0-benzylidene-D-altrityl>24odopyridme^ 
3.(2,4;3>Di-0-bcn2yUdcnc-D-allityl)-2-iodopyridine, 

5- (2,4;3^-lM-0-benzylidene-D-altrityl>2-iodopyridine, 

5- (2,4;3,5-Di-0-benzy]idene-D-allityl)-2-iodopyridine, 

6- (2,4;3>Di-043enzyUdene-D-altrityl>2-iodopyridine, 
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6-{2,4;3,5-Di-0-beiizylidene-D-allityl)-2-iodopyridine, 
6-(2,4;3,5'-Di-0-benzylidene-D-altrityl>3-iodopyridine, 
6-{2,4;3,5-IM-0-benzylidcnc-D-allityl)-3-iodopyridine, . 
5-(2,4;3.5-Di-0-ben2ylidene-D-altrityl>3-iodopyridme, 
5 5-(2,4;3,5-Di-0-bcnzylidene-D-allityl)-3-iodopyridine, 
4-(2,4;3,5-Di-0-benzylidene-D-aItrityl>3-iodopyridme, 
4-(2,4;3,5-M-0-beiizylidene-D-allityl)-3-iodopyridine, 
2-(2,4;3,5-Di-0-beiizylidene-D-dtrityl)-3-iodopyridine, 
2-(2,4;3,5-Di-0-be3azylidene--D-allityl)-3-iodopyridme, 
10 2-(2,4;3,5-Di-0-bei3zyUdene-D-altrityl>4-iodopyridme, 

2- (2,4;3,5-Di-0-benzylidene-D-allityl)-4-iodopyridiiie, 
3_(2,4;3,5-Di-0-ben2yUdene-D-altrityl)-4-iodopyridiiie, 

3- (2,4;3,5-Di-0-ben2yUdene-D-allitylH-iodopyridme, 

4- (2,4;3,5-Di-0-ben2ylidene-D-altrityl>2-cyanopyridine, 
15 4-(2,4;3,5-rM-0-beiizyUdcne-D-amtyl)-2-cyanopyridme, 

3-(2,4;3,5-Di-0-beirzyUdene-D-altrityl>2<yanopyridm^ 

3- (2,4;3,5-Di-0-ben2y]idcne-I>aUityl>2-cyaiwpyridiM 

5- (2,4;3,5-IM-0-benzyUdene-D.altrityl).2.cyanopyridine, 

5- (2,4;3,5-Di-0-ben2yUdene-D-amtyl)-2-cyanopyridm^^ 
20 6K2,4;3,5-Di-0-ben2yKdOTC-I>altrityl>2-cyanopyri 

6- (2,4;3,5-Di-0-benzyUdene-I>amtyl)-2-cyanop>dd^ 

5- (2,4;3.5-Di-0-benzyUdene-D-altrityl>3-cyanopyiidine, 
5K2,4;3.5-Di-0-benzylidene-D-allityl>3-cyanopyridme, 

6- (2,4;3,5-Di-0-ben2ylidene-D-altrityl)-3-cyanopyrid^^ 
25 6-(2,4;3.5-Di-0-b€DzyUdene-D-amtyl)-3-cyanopyridme, 

4- (2,4;3,5-Di-0-benzylidene-D-ahrityl>3-cyanopyTidme, 
4.(2,4;3,5-Di-0-ben2ylidcne-D-aUityl)-3-cyariopyridine, 
2-(2,4;3,5-W-0-beii2ylidene-D-altrityl)-3-cyanopyridine, 

2- (2,4;3,5-IM-0-benzylidene-D-allityl)-3-cyanopyridme, 
30 3-(2.4;3,5-Di-0-beiizylidene.D-altrityl)-4-cyanopyridine, 

3.(2,4;3,5-Di-0-benzylidene-D-allityl)-4-cyanopyridme, 

3- (2,4;3,5-Di-0-benzylidene-D-altrityl)-4-cyanopyridinc, and 
3-(2,4;3,5-Di-0-b«3zylidene-D-anityl)-4-cyanopyridme. 
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Example 8 

Uetfyl 6-^2.4:3.5-^i-0-benzyMene-D-altrityl)picolinate (13, R=H, R'=C02CHy Wi=N, 

A solution of 6-(2,4:3,5KU-<>-benzyHdene-D-altrityl)-2-broraopyridine (200 mg, 
0.43 mmol) in hexamethylphosphoric triamide (0.25 mL) and ethyl ether (5 mL) is 
treated at -78 "C with botyllithium (2 mL of 2J M in n-hexane). Alter stirring for 15 
minutes at -78 "C, excess soHc carbon dioxide is added and the mixture is allowed to 
wann to room temperature while stirring. The mixture is neutralized with IN 
hydrochloric acid, and then the product is extracted with ethyl ether (15 mL x 2). The 
extracts are combined, washed with brine (20 mL x 3), dried over sodium sulfate, 
filtered, and the filtrate treated wifli ethereal solution of diazomethane. Excess 
diazomethane is decomposed by addition of acetic acid, and then the mixture is 
concentrated in vacuo. The residue is chiomatographed on a silica gel column using n- 
hexane-ethyl acetate (75:25). Methyl 6-(2,4;3,5-di-0.benzyHdene-D-atrityl)picolinate 
(122 mg. 64%) is obtained as colorless crystals, mp 176-179 "C (after recrystalUzation 
from ethyl ether). 'H NMR (CDCI3): 8 8.07-7.31 (13H, m, aromatic). 5.64. 5.67 (2H. 
2s. benzylidene -CB<), 5.25 (IH. broad s. H-l'), 4.43-3.95 (5H, H-2',3',4',5',5"), 3.95 
(3H,s,ai3 ester). 

By following the same procedure but using the conresponding (2,4;3,5-di-0- 
benzyUdene-D-altrityl)bromopyrimidines as the starting materials, the following methyl 
esters are prqaared: 

Methyl 6-(2.4;3.5-di-0-benzylidene-D-altrityl)nicotinate, Methyl 5-(2,4;3,5-di-0- 
benzyUdene.D-altrityl)nicotinate, Methyl 4-(2.4:3.5-di-0-beiizylidene^D- 

altrityi)nicotinate, Methyl 2-(2,4;3,5-di-0-benzylidene-D-altrityl)nicotinate, Methyl 4- 
(2.4;3,5-di-0-benzylidene-D-altrityl)-picolinate, Methyl 3-(2,4;3,5-di-CW)enzyKdene-D- 
altrityl)pico]inate. Methyl 5-(2,4;3,5-di-0-benzyUdene-D-aItrityl)picolinate, Methyl 2- 
(2,4;3,5-di-0-benzylidene-D-aItrityl)isonicotinate and Mefliyl 3-(2,4;3,5-di-0- 
benzylidene-D-altrityl)isonicotinate. 
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By following the same procedure but using the corresponding (2,4;3,5-di-0- 
bcnzyIiddic-D-allityi)bromopyriniidines as the starting materials, the following methyl 
esters are prepared: 

Methyl 6-(2,4;3,5-di-0-benzylidene-D-alUtyl)nicotiiiate, Methyl 5-(2,4;3,5-di-0- 
benzylidene-D-allityl)nicotinate, Methyl 4-(2,4;3,5-di-0-benzylidene-D- 

allityOnicotinate, Methyl 2-(2.4;3,5^-0-benzylidene-D-allityl)nicotinatc. Methyl 4- 
(2,4;3,5-di-0-benzyHdene-D-allityl)picolinate, Methyl 3-{2,4;3,5-di-0-benzylidene-D- 
allityl)picolinate. Methyl 5-(2,4;3,5-di-0-benzylidene-D-alHtyl)picolinate, Methyl 6- 
(2,4;3,5-di-0-benzy]idene-D-allityl)picolinate, Methyl 2-(2,4;3,5-di-0-benzylidene-D- 
allityDisonicotinate and Methyl 3-(2,4;3^-di-0-benzylidene-D-alIityl)-iso-nicotinate. 



Example 9 

6-(2.4;3.5-Di-0-benzylidene-D-allityl)picolinamide (14, R = H, R' = CONH2. Ws = N. 
Ws = W, = Wt = CH)' 

Methyl 6-(2,4;3^-di-0-benzyUd8ne-D-allityl)picolinate (75 mg, 0.16 mmol) is 
dissolved in a 4:1 mixture of methanol and ammonia containing a catalytic amount of 
sodimn hydride (ca. 2 mg). The soltition is stiired at room temperature for 20 houis, and 
then is concentrated to diyness in vacuo. The residue is purified by chromatography on a 
silica gel column. 6-(2,4;3,5-Di-0-benzyUdene-D-allityl)picolinamide is obtained as 
colorless crystals. 65 mg (89%). mp 201-203 »C (recrystallization fifom «-hexane- 
methanol). 'H NMR (CDCI3): 8 8.07-7.11 (13H. m, aromatic), 5.78. 5.51 {2H, 2s, 
benzyUdene ^-Ph), 5.19 (IH, q. H-l', collapsed to a doublet upon addition of D2O. 
J,.^.= 3.29 Hz). 4.40 (2H, m, H-2',3'), 3.91 (3H, m, H.4',5',5"). 

By following the same procedure but using the coirespoiiding (2,4;3.5-di-0- 
ben2iHdene-L-altrityl)brDmopyridines as the starting materials, the L-counteiparts of the 
above compounds are prepared. 

By following the same procedure but using the corresponding methyl esters, the 
following carboxamides are prepared: 
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6-(2,4;3,5-Di-0-ben2yUdene-D-allityl)nicotina2nide, 5-(2,4;3^-Di-0-hen7ylidene-D- 
amtyl>mcotmainide, 4-(2,4;3,5-Di-0-benzylidene-D-amtyl)nicotinainide, 2-(2,4;3,5-Di- 
0-benzylidenc-D-allityl)mcotinaiiiidc, 4-{2,4;3,5-Di-0-benzylidene-D- 
al]ityl)picolinamide, 3-(2,4;3,5-Di-0'benzylidene-D-amtyl)picolmamide, 5-(2,4;3,5-Di- 
0-benzylidene.D-allityl)-picolinaimde, 6-(2,4;3,5-Di-0-benzylidene-D- 
allityi)picolinainide, 2-(2,4;3,5-Di-0-beiizylidene-D-al]ityl>iso-nicotmamidc, 3-<2,4;3,5- 
Di-Obenzylidene-D-allityl)-iso-mcotinamide, 6-<2,4;3,5-Di-0-benzyl-idene.D- 
altiityl)nicotinamide, 5-(2,4;3,5-IM-0-ben2ylidene-D-altrityl)nicotmamide, 4-(2,4;3,5- 
Di-(>benzylidene-D-altrityl)nicotmainide, 2-(2,4;3,5-Di-0-benzylidene-D- 
altrityl)nicotinaimde, 4-(2,4;3,5-Di-0-benzylidene-I>altrityl)picolmamM^^ 3-(2,4;3,5- 
Di-0-beiizylidene-D-altrityl)-picolinamide, 5-(2,4;3,5-<ii-0-beiizylidcne-D- 
aitrityl)picolinainide, 6-(2,4;3,5-di-0-benzyUdene-D-altrityl)picblmamide, 2-(2.4;3^"di- 
0-benzylidene-D-altrityl)isoiiicotinamide and 3-(2,4;3,5-di-0.benzyHdene-D- 

altrityl)isoiiicotinamide. 

By following the same pioccduic but using the corresponding (2,4;3,5-di-0- 
benzylidene-L-allityl)brDmopyridines as the starting materials, the L-counteiparts of the 
above compounds are prepared 

Example 10 

6--(2J;S^5-Di-0-benzylidene-l'0-mesyUD-altntyl)picoli^^ (IS, R^Ms, R^^CONHz^ 

A solution of 6-(2,^;3,5-dj-0-benzyUdene-D-altrityI)picolinamide (50 mg, 0.11 
mmol), triethylamine (150 nL, 1.08 mmol) and 4-dimethylaminopyridine (ca. 3 mg) in 
methylene chloride (4 mL) is treated at room temperature with mesyl chloride (40 pL, 
0.52 mmol). The mixture is stiired for 30 minutes at room temperature, and then 
concentrated in vacuo to dryness. The residue is chromatographed on a silica gel column 
using methylene chloiide-methanol (98:2) as the eluent. 6-(2,4;3,5-Di-Obenzylidene-l- 
0-mesyl-D-aItrityl)picolinamide (49 mg, 83%) is obtained after recrystallization from n- 
hexane-ethyl ether, mp 109-110 °C. NMR (CDCI3): 5 8.20-7.34 (13H, m, aromatic). 
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6.03 (IH, d, H-r, Jr^. = 2.47 Hz), 5.68, 5.61 (2H, 2s, benzylidene -CH<), 4.48-3.94 
(5H, H-2';3',4',5',5''), 3.02 {3H, s, mesyl CH3). 

By following the same procedure but using the corresponding (2,4;3,5-di-0- 
benzylidene-D-altrityl)pyridines, the foUowmg mesyl derivatives are prepared: 

4- (2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-altrityl)-2-bromopyridiiie, 

3- (2.4;3,5-Di-0-benzylidene-l-0-mesyI-D-altrityl)-2-bTomopyridine, 

5- (2,4;3,5-Di-0-benzylidenc-l<)-mcsyl-D-dtrityI)-2-bromopyridine^ 

6- {2,4;3,5-Di-0>benzylidene-l-0-mesyl-D-altrityl>2-bTomqpyridine, 
6-(2,4;3,5-Di'0-benzylidene-l-0-mesyl-D-altrityl>3-bTomopyridm^ 

4- (2,4;3,5-K-0-benzyUdene-l-0-mesyl-D-altritylV3-bn)mopyridine, 
2-(2,4;3,5-Di-<)-ben2yUdene-l<)-mesyl-D-aItrityl)-3-bromopyridi^ 

2- (2,4;3,5-Di-0-benzyUdene-l-<>mesyl-D-altrityl)-4-bro^^^ 
3^2,4;3.5-DiTO-beiEylidene-l-0-mesyl-D-altrityl)-4-bromopy^^ 

4- {2,4;3,5-Di-0-benzyUdene-l-0-mesyl-D-altrityl)-2K;Moropyri 

3- (2,4;3.5-Di-0-beii2yUd^e-l-0-mesyl-D-ate^l)-2-cWoropyrid 

5- (2,4;3,5-Di-(>benzyUdene-l-0-mcsyl-D-altrityl)-2-<jhloropy^^ 

6- (2,4;3,5-K^-beirzyUdene.l-0-mesyl-D-altrityl)-2-cMoropy^^^ 
6-{2.4;3,5-Di«0-benzyUdene-l-0-mesyl-D-altrityl)-3H;hloropyri 
5.(2,4;3,5-IM-0-benzyUdenc-l-0-me5yl-I>altrityl)0-cMoropyridine, 

4- (2,4;3,5-W-0-beiizyUdene-l-0-mesyl-D-aItrityl)-3-chloropyridine, 
2-(2,4;3,5-Di-0-bcnzylidene-l-0-mesyl-D-altrityI)-3-chloropyridine, 

2- (2,4;3,5-Di-0-beiEylidene4-0-mesyl-D-altrityl)-4-cWoropyridi^^^ 

3- {2,4;3,5-Di-0-ben2yUdene-l-0-mesyl-D-altrityl)-4-cmoTopyridine 
4.(2,4;3,5-Di-0-bcnzyhdcnfc-l-0-mesyl-D-altrityl)-2-iodopyridine, 

3- (2,4;3,5-Di-0-benzylidehe-l-0-mesyl-D-altrityl>2-iodopyridinc, 

5- (2,4;3,5-Di-0-benzylidene- 1 -0-mesyl-D-aItrityl)-2-iodopyridine, 

6- (2,4;3,5-Di-0-beixzylidene-l-0-mesyl-D-altrityl)-2-iodopyridiiie, 
6-(2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-altrityl)-3-iodopyridiiie, 
5-(2,4;3,5-Di-0-benzylidene- 1 -0-mesyl-D-altrityl)-3-iodopyridine, 

4- (2,4;3.5-Di-0-benzyUdene-l -0-mesyl-D-altrityl)-3-iodopyridiiie, 
2.(2,4;3,5-Di-0-benzylidene-l-0-raesyl-D-altrityl)-3-iodopyridine, 
2-(2,4;3,5-I>i-0-beirzyUdene-l -0-mesyl-D-altrityl)-4-iodopyrid^^ 
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3K2,4;3,5-Di-0-beiizylidene-l-0-mesyl-D«altrityl)-4-iodopyridme, 

4- (2,4;3 ,5-Di-O-beiizyUdene-l -0-mesyl-D-altriiyl)-2-cyanopyridine, 

3- (2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-altrityl)-2-cyanopyridine, 

5- (2,4;3,5-Di-0-benzylidene-l-0-mesyI-D-altrityl)-2-cyanopyridine, 

6- (2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-altrityl)-2-cyanopyridme, 
5<2,4;3,5-Di-0-benzylidene- l-0-mesyl.D-altrityl)-3-cyanopyridm^ 
6-<2,4;3^-Di-0-benzylidene-l-0-mesyl-D-aItrityl)-3-cyanopyridine, 

4- (2,4;34-Di-0-benzylideDe-l-0-raesyl-D-altrityl)-3'Cyanopyridinc, 
2-(2,4;3,5-Di-0-benzyiideiie- 1 .0-niesyl-D-altrityl)-3-cyanopyridine, 

2- (2,4;3,5-Di-0-benzylidene-l-0-mesyl-D.altrityl>4-cya^^^ 

3- (2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-altrilyl)-4.cyanop 
Methyl 6-(2,4;3,5-di-O-ben2ylidene.l-O-mesyl-D-altrity0^ 
Methyl 4-(2,4;3,5-di-O-bcnzyBdene-l-0-mesyl-D-aItrity 
Methyl 2-(2,4;3,5-di-0-bellzylidene-^C>mesy^D-altrityl)niro 
Methyl 4-(2,4;3,5-di-0-benzylidene.l .C>-mesyl-D-aItrityI)pico]mate, 
Methyl 3-(2,4;3,5-di-abenzyUd€ne-l-(>mesyl-D-altrityl)picoli^^ 
Methyl 5-(2,4;3,5-di-0-benzylidene4-0-mesyl-D-altrityt^^ 
Methyl 6<2,4;3,5-di-0-ben2yUdene-l-C)-mesyl-D-altrity^ 
Methyl 2-(2,4;3,5-di-0-ben2yUdene-l-C^mesyl-D-ate 

Methyl 3-(2,4;3,5-di-0-benzyUdeae-l-0-mesyl-D-altrity])ison^ 
2<2,4;3,5-Di-C>-benzylidene-l-0-mesyl-D-altrityl)nicotm 

4- (2,4;3,5-Di-0-bcnzylidenc-l-0-mesyl-D-altrityl)picohna^^ 
3^2,4;3,5-Di-0-ben2yhdene-l<)-mesyI-D-altrityl)picoUna^ 
5H:2,4;3,5-Di-'0-benzyhdene-l^>mesyl-D-altrityl^ 
6K2,4;3,5-Di-0-ben2yKdene-l-0-mesyl-D-altrityl)picol^^ 
2-(2,4;3^-Di-0-benzyUdene-l -0-mesyI-D-altrityl)isonicotmam and 
3^2,4;3,5-Di-0-benzyUdene-l-0-mesyl-D-altrityl)isomcotmaniid 

By following the same procediire but using the coiresponding (2,4;3,5-di-0- 
benzylidene-L-aUityl)bromopyridmcs as the starting materials, the L-coimterparts.of the 

above compounds are prepared. 

By foUowing the same procedure but using the corresponding (2.4;3,5-di-0 
benzylideQe-D.dHtyl)pyridines, the following compounds ar^ 
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4K2,4;3,5-Di-0-benzylidene-l-0-mesyI-D-alUtyl)-2-brom 

3- (2,4;3,5-Di-0-berizylidene-l-0-mesyl-D-a]Iityl)-2-bromop}Tidi^^ 

5- (2,4;3^-Di-0-benzyHdene-l-0"mesyl-D-allityl)-2-bmmopyridine, 

6- (2,4;3^-Di-0-benzylidene-l-0-mesyl-D-allityl)-2-bromopyri 

5 6-(2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-alUtyI>3-bromopyridk 

4- (2,4;3,5-Di-0-ben2yIidene-l-0-mesyl-D-allityl)-3-bromopyridin^ 
2-(2,4;3,5-Di-0-benzylidene-l -0-mesyl-D-allityl)-3-bromopyridine, 

2- {2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-aUityl)-4-bromopyridi^^^ 
3.(2,4;3,5-Di-0-benzylidene4-0-mesyl-D-aUitylH-t>romopyridine^ 

10 4.(2,4;3,5-Di-0-benzylidene-l-0-mesyl-D-aUilyl)-2-ch]orop^ 

3- (2,4;3,5-Di-0-b6n2yUdenc-l-b-mesyI-D-allityl>2-ch]<TOpyri 

5- (2,4;3,5«Di-0-bewlidene4-0-mesyl-D-amtyl>^^^ 

6- (2,4;3^-tt-0-beiizylidene-l-0-mesyl-D-alUtyl>2-chloi^ 
6-(2,4;3,5-IM-0-benzyUdene4-0-mesyl-D^tyl)-3^c^^ 

15 5-(2,4;3,5-Di-0-benzyHdene-l-0-mesyI-D-affityD-3-cWor^ 
4K2,4;3^-K-0-bcnrylidenc-l-(>mesyl-D-amtyl)O-cU 

2- (2,4;3.5-I>i<)-benzyUdene4-amesyl-D-affityI)0-K;MciDpy^ 
2^2,4;3,5.Di-0-bcnzylidenc4-0-mesyl-D-affityl)-4K^ 

3- <2,4;3,5-lM-0-beirsyUdene-l-0-mesyl-D-allityl)^ 
20 4-(2,4;3,5-Di-0-benzyUdene-l-0-mesyl-D-alUtyI>24 

3- (2,4;3,5-Di-0-benzyUdenc4-amesyl-D-dUtyl)-24odop 

5- (2,4;3,5-I>i-0-ben2yUdene4-0-mesyl-D-allityl>24odopy^ 

6- (2,4;3,5-Di-0-berazylidene-l<)-mesyl-D-alKtyl>2-iodopyrid^^^ 
6-(2,4;3,5-Di-0-beiizyUdene-l-0-mesyI-D-allityl>-3-^^^ 

25 5-(2,4^3,5-I>i-0-bexrzyUden*e-l -0-mesyl-D-allityl>34o^^ 

4- (2,4;3,5-Di-0-ben2yHdene-l-O-mesyl-D-allityl>3-io^^^ 
2-(2,4;3,5-Di-0-beiizyUdene-l-0-mesyl-D-alUtyl>3-iodopyri 

2- <2,4;3,5-Di-0-benzyUdene-l-0-raesyl-D-alUtyl)-4-iodopyridin^ 

3- (2.4;3,5-Di-0-benzylidene- 1 -0-mesyl-D-allityl)-4-iodopyridine, 
30 4^2,4;3,5-m-0-benzyUdene4-0-mesyl-D-amtyl)-2'Cyanopy^ 

3-(2,4;3,5-i:d-0-beir2yUdene-l-0-mesyl-D-allityl)-2-cya^^^ 

5- (2,4;3,5-Di-0-benzyUdene-l-0-mesyl-D-alUtyl)-2-cyanopyri^ 

6- (2,4;3,5-Di-0-beiizyKdene-l-0-mesyl-D-allityl)-2-cyanopyridine^ 
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5- (2,4;3,5-I>i-0-ben2ylidene-l-0-mesyl-D-allityl)-3-cyaiK)p 

6- (2,4-^,5-Di-0-bcnzylidcnc-l-0-incsyl-D-aUi^^^ 
4-(2,4;3,5-Di-0-beiizylidene-l .0-niesyl-D-allityl)-3-cyanopyridinc, 
2-(2,4;3,5-Di-0-benzylidene- 1 -0-niesyl-D-allityl)-3-cyanopyridiiie, 

2- <2,4;3,5-I>i-0-ben2ylidene-l -0-mesyl-D-allityl>4-cyanopyridme, 

3- (2,4;3,5-Di-0-benzylidene4-0-mesyUD-alHtyl)-4-cyanop^^ 
Methyl 6-(2,4;3,5-di-0-benzylidene-l .amesyl-D-allityl)nicotmate, 
Methyl 4-(2,4;3,5H3i-0-beiizyUdene4 -O-mesyl-D-aUityOnicotinate, 
Methyl 2-(2,4;3,5-di-0-benzylidene-l -OmesyI-D-allityl)nicotmate, 
Methyl 4-(2,4;3,5-di-(>ben2ylidene-l ..Omesyl-D-aUityl)picolinate, 
Methyl 3-(2,4;3,5-di-0-benzyhdene-l-0-mesyl-D-amtyl)picolinate, 
Methyl 5-(2,4;3,5-di-0-beii2yUdene4-amesyl-D-amtyl)picolin 
Methyl 6-(2,4;3,5-di-0-benzyhdene4-0-mesyl-D-amtyl)picolmate^ 
Methyl 2-(2,4;3,5-di-0-benzylidciic-l -O-mesyl-D-allityOisonicotinate, 
Methyl 3-(2,4;3,5-di-abeiizylidene4^mesyl-D-amtyl)isoracotinate, 

2- (2,4;3,5-Di-0-bea2ylidene-l>0-mesyl-D-allityl)iu<x>til^ 

4- (2,4;3,5-Di-0-ben2ylidene-l-0-niesyl-D-amtyl)pic^ 

3- (2,4;3,5-Di-0-benzylid€ne-l-0-mesyi-D-amtyl)picoU^^ 

5- (2,4;3.5-Di-0-beazylidcnc-l-0-mesyl-D«alhtyl)picolm 

6- {2,4;3,5-Di-0-baizyUdene-l-0-mesyl-D-alHtyl)pi<x)linam 

2- (2,4;3^-Di-0-bOTzyUd€ne-l-<>mesyl-D-amtyl)isomco^ and 

3- (2,4;3,5-Di-0-beiizylidcne-l 0-mcsyl-D-aUityl)isonicotmamide. 

By following the same procedure but using the corresponding (2,4;3,5-di-0- 
benzyUdene-L-aUityl)pyridines as the starting material, the L-connterparts of the above 
compounds are prepared. 

Example 11 

5-(J5-D'mboJuranosyl)'3^nopyridine ([U], = CN, Ws^K Ws-^ Wr^ Ws = CH), 

5-(2,4;3,5-Di-0.benzyUdene.l-0-mesyl-D.altrityl)-3-cyanopyii^^ (28 mg, 0.06 
mmol) is dissolved in a 4:1 mixture of trifluoroacetic acid and chloroform (4 mL). After 
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stilling for 15 minutes at roGin temperature, the reaction is quenched by addition of 
water (lO mL). The aqueous layer is separated, extracted five times with ethyl ether (10 
mL each), and then concentrated in vacuo. The residue is chromatographed on a silica 
gel coiunin usmg methylene chloride-methanol as the eluent. 5-(P-D-Ribofiiranosyl)-3- 
cyanopyridinc (8 mg, 57%) is obtained as colorless crystals, mp 169-171 °C (after 
recrystallization from ethanol). 'H NMR (MezSO-dt): 5 8.93 (IH, d, H-2, spacmg 1.93. 
Hz), 8.86 (IH, d, H-6, spacing 1.93 Hz), 8.31 (IH, m, H-4). 4.93 (IH. d, H-1'. J.-^- = 
7.41 Hz). 3.99-3.50 (5H, m. H-2',3\4',5'.5"). 

By following the same procedure but using the corresponding (2,4;3,5-di-0- 
benzyUdcnc-l-O-mesyl-D-altrityDpyiidines, all the (P-D-iibofiiranosyl)pyrimidine C- 
nucleosides synthesized according to the procedure of Example 5 are pr^ared, and thdi 
spectral propraties are identical to the conresponding P-C-nucleosides. 

By following the same procedure but using the corresponding (2,4;3,5-di-0- 
benzyUdene-l-0-mesyl-D-al]ityl)pyridines, aU the (a-D-ribofiiranosyl)pyrimidinc C- 
nucleosides synthesized according to the procedure of Example 5 are obtained, and their 
spectra] properties are identical to the corresponding a-C-nucleosides. 

By following the same procedure but using the corresponding (2,4;3,5-di-0- 
benzyUdene-l-0-mesyl-y-altrityl)pyridines. all the (|J-l-ribo&ranosyl)pyriniidine C- 
nucleosides synthesized according to the procedure of Example 5 are prepared, and tiieir 
^ectral properties arc identical to the conresponding ^-C-nucleosides. 

By following the same procedure but using the corresponding (2,4;3,5-di-0 
benzyUdene-l-0-mesyl-y-alUtyl)pyridioes, all the (a-*-ribofuranosyl)pyrimidine C- 
nucleosidcs synthesized according to the procedure of Example 5 are obtained, and their 
spectral properties are identical to the corresponding a-C-nucleosides. 
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Example 12 

p'.[7.Hydroxy-5-mah<xo^-mahylphthalan-l -on-6-(eihyl-2-yl)]-T^-(2 ',3 '-O-iso- 
propylideneadenosine-5'-yl)methylene-bis^hosphomte) ([I], RhRi = 0-C(CH3)rO. Hj 

To a solution of 2\3'-0-iscpropylid«aieadenosme-5'-methylenebis(plio8phonate) 
(P], Ri = R2 = OH, Rj = R4 = H. Y = NHz, Z = H. X = CH2, R = H) (700 mg, 1 mmol) in 
pyridine (4.0 mL) is added diisopropylcaibodiimide (7.8 mL, 5 mmol), and the mixture 
is shaken at room temperatuie. When three characteristic multi-signal resonances appear 
at -0.5-2.0 ppm, at 6.0-8.0 ppm and at 12.8-17.6 ppm, 6-(2-hydroxyefliyl)-7-hydroxy-5- 
methoxy-4-meliiylphthalan-l-oiie(262mg. lil mmol) is added and the reaction is heated 
at 55-60 "C for 24 hours. The reaction is quenched by adding water (1 mL) and 
triethylamine (0.5 mL) when the "P ifMR spectrum of the reaction mixture exhibits two 
broad signals at 8 ppm and 25 ppm. The mixture is kept at 80-85 'C for 30 hours. 
HPLC purification on a Dynaniax-300A C18-82-243-C column with a fiow rate of 20 
mL/min of 0.05 M triethylammonium Wcarbonate (TEAB) followed by a linear gradient 
of 0.05 M TEAB-aq. Acetonitrile (70%) affords p'-[7-hydroxy-5-me&oxy-4- 
methylphthalan-l-on-6-(ethyl-2-yl)]-P^-(2',3'-0-isopropylideneadenosine-5'- 
yDmethylene-bis-(phosphonate) ([I], R^Rz = 0-C(CH3)2-0, R3 = R4 = H, Y = NHz, Z = 

H, X = CH2, R = [V]), 60 mg (32%) as the triethylammonium salt 'H NMR (D^O): 5 

I. 24 (18H, t. (CftCH2)3N), — 

By followmg the same procedure but using the corresponding 2',3'-C>-protected 

nucleosides, the following conqwunds are synthesized: 

p'-[7.hydroxy-5-mclhoxy-4-methylphthalan-l-on-6-(ethyl-2-yl)]-P^-(2,'3'-0- 

isopropylidaieinosine-5-yl)methylenebis(phosphonate), 

P'-[7-hydroxy-5-me1hoxy-4-methylphthalan-l-on-6-(ethyl-2-yl)]-P^-(2',3'-0- 

isopn)pylideneguanosine-5-yl)metfiylenebis(phosphonate), 

p'-[7-hydroxy-5-me1hoxy-4-methylphthalan-l-on-6-(ethyl-2-yl)l-P*-(2',3*0- 

isoptDpylidenenebularine-5-yl)methylenebis(phoq)honate), 

p' .[7-hydroxy-5-methoxy-4-methylphthalan-l-on-6-(caiyl-2-yl)l-F-(2',3*-0- 
isopn)pylidenexanthosine-5-yl)methylenebis(phoq)honate), 
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p' .[7-hydroxy-5-jnethoxy-4-methy^phlha]an- 
isopropyUdene-6-thioinosine-5-yl)inethylenebis(phosphon^^^^ 

P*47-hydroxy-5-methoxy-4-mcthylphthalan-l -on-6-(ethyl-2-yl)]-P^-(2*,3 '-0- 
. isopropylidene-6-thioguanosine-5-yl)methylenebis^^^ 
5 pL[7.hydroxy-5-methoxy-4-methylphthalan-l-<>n-6-(ethyl-2-^^^^ 
isoprDpylidaie-0^-me%lmosme-5-yl)methylencbis(phosph^ 

P*-[7-hydroxy-5-methoxy-4-methylphthalan4-on-^-(ethyl-2-^^^^ 
isopropylidene-0^-methylguanosme-5-yl)methylenebis(phosphonate^ 

p'-[7-hydroxy-5-methoxy-4-methylphthalan4-on-6-(ethyl-2-yl)]-P^<2'3'-^ 

10 isopropylidene-2-aiiiinoadenosme-5-yl)methylen^^ 

p'.[7-hydioxy-5-methoxy-4-methylphthdan-l-on-6-(etiiyl-2-yl)]-^ 
isopxopylidene-2-nuoroadenosme-5-yl)inethylenebis(phosphoiiate)^ 

P^-[7-hydroxy-5-metboxy-4-methylphthalan-l-oii-6-(ethyl-2-yl)]-P^-(2',3'-0- 
isopropylidene-2-chloroadenosine-5-yl)inetbylenebis(phosphonate), 
j5 pL[7.hydroxy-5-methoxy-4-methylphthdan-l-on-6-(ethyl-2-yl)]-P^-(2\ 
isopropylidcne-2-bromoaderx)siiie-5-yl)rnethylenebis(phosphonate), 

-[7.hydroxy-5-mcthoxy-4-mc%lphthalan-l -on-6Kethyl-2-yl)l-P^-(^ '-0- 
isopropylidene-6-chloronebularine-5-:yl)raethylenebis(phosphonatc), 

P^.[7-hydroxy-5-methoxy-4-inethylphthalan-l -on-6-(ethyl-2-yl)]-P^-(2',3 '-O 
20 isopropyUdene^-metbylthiogaianosine-5-yl)metbyIenebis(phosphonat^^^ 

P^-[7-hydroxy-5-methoxy-4-methylphthalan.l-on-6<cthyl-2-yl)>^^ 
isopropylidene-8-azaadenosine-5-yl)methylenebis(phospbonate), 

p^-[7-hydroxy-5-methoxy4-methylphthalan-l^on-^ethyl-2-yl^^^ 
isopropybdene-8-azainosine-5-yl)methylenebis(phosphonate), 
25 pi.[7-hydroxy-5-methoxy-^methylphthalan-l-on-6-(ethyl-2-yl^^^ 
isopropyUdene-8-azaguanosine-5-yl)methylenebisQ)hosphon 

P*-[7-hydroxy-5-me&oxy-4-methylphthalaii-l K}iir6-(ethyl-2 
acctyl-3Mcoxy-3*-fluoroinosine-5-yl)methylenebis(phosphon^^^^ 
p'-[7-hydroxy-5-methoxy-4-mcthylphthalan-lH>ih6-(e&^^^ 
30 acetyl-3'-deoxy-3'-fluoroadenosine-5-yl)methylenebis(phosph^ 

P^.[7.hydroxy-5-methoxy-4-methylphthalan-l-on-6<ethyW^^ 
acetyW'-deoxy-3'-fluoroguanosine-5-yl)inethylenebis(phosphonat^^^ 
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P^-[7-hy<lroxy-5-methoxy-4-iiiethylphthalan- 1 -on-6-(ethyl-2-yl)]-P^-(2 '-0- 
acctyl-3'-deoxy-3'-fluoronebulaiiDe-5-yl)methylenebis(phosphonat^^^ 

p'-[7-hydroxy-5-methoxy-4-methylphthdan4-on-6-(ethyl4-yl)]-^ 
acetyl-3 '-deoxy-3 '-nuoroxanthosine-5-yl)methylenebis(phosphoiiate), 
5 pL[7.hydroxy"5-methoxy-4-methylphthalan- l-on-^-Cethyl^^ 

acetyl-3 '-deoxy-3 ' -fiuoro-6-thioinosiiie-5-yl)methylenebis(phosphonate), 

P^-[7-hy<iroxy-5-methoxy-4-methylphthalan- l-on-6-(ethyl-2-yl)]-P^-(2'-0- 
acetyl-3 ^deoxy-3 '-fluoro-6-thioguanoske-5-yl)methylenebis{phosiphonate^ 

P^.[7-hydroxy-5-methoxy-4-methylphthdan4-on-6-(ethyl-2-yl)]-PV2 
10 acetyl-3 ^deoxy-3 '-fluoro-0^-inethylinosine-5-yl)methylenebis(phosph^ 

P^-[7-hydroxy-5-methoxy-4-methyIphthalaa-l-on-6Kethyl-2-yl)]-P^^^ 
acetyl-3'-deoxy-3'-fluoro-0^-methylguanosme-5-yl)methyleneb^ 

P^.[7-hydroxy-5-methoxy-4-methylphthalan4-on-6-(ethy]-2-yl)]-P^-^ 
acctyl-3'-deoxy-3'-fluoTO-2-ainmoadcnoane-5-yl)methyl€m^ 
]L5 pL[7-hydroxy-5-methoxy-4-methylphthalan-l-on-6-(ethyl-2-yl)]-^^^ 
acetyl-3 '-deoxy-S •-fiuoro-2-fluoroadenosine-5-yl)methylenebisCphosphonate), 

p'-[7-hydroxy-5-methoxy-4-metliylphthalan-l-on-6Kethyl-2-yl)]-^^^ 
acetyl-3'-deoxy-3'-fluoro-2-cMoroadOTOsine-5-yl)methylOTebis(pho^^^ 

P^-[7-hydroxy-5-methoxy-4-me%lphthalan-l-on-6-(ethyl-2-yl)]-P^-(2'^ 
20 acetyl-3'-deoxy'3'-fluoro-2-bromoadenosine-5-yl)methylenebis^^^ 

P^.[7-hydroxy-5-methoxy«4-methylphtbalan-l-on-6-(ethyl-2-yl)^ 
acetyl-3'-deoxy-3'-fluoro-6-chloiDnebularme-5-yl)methylenebis^^^ 

P^-[7-hydioxy-5-methoxy-4-mefhylphthalan-l-on-6-(cthyW^^^ 
acetyl-3'-<leoxy'3'-fluoro-6-methylthioguanosme-5-yl)methyl^ 
25 pJ.[7-hydroxy-5-methoxy-4-methyIphthalan-l-on-6-(ethyI-2-yl)>^^ 
acetyl-3*-deoxy-3'-fIuoro-8-azaadenosine-5-yl)methylenebis(phosphon 

P^-[7.hydioxy-5-methoxy-4-methylphthalan-l-on-6-(ethyl-2-yl)]-P^-(2'^ 
acetyl-3'-deoxy-3'-fliioro-8-azainosine-5-yl)methylenebis(phospho^^^^ 

P^.[7-hydroxy-5-methoxy-4-methylphthalan-l-on-6-(ethyl-2-yl)>P^ 
30 acetyl-3 '-deoxy-3 '.fluoro-8-azaguanosine.5-yl)metliylenebis(phosphonate), 

P^-[7-hydroxy-5-methoxy-4-methylphthalan-l-on-6-(ethyl-2-yl)]-P^(3^ 
acetyl-2'-deoxy-2'-fluoroinosine-5-yl)methylenebis(phosphonate), 
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p'-[7-hydroxy-5-mefcoxy-4-mefhylphlMan4-on-^Kethyl-2-yl)].^^^ 
acetyl-2'Hieoxy-2'-fluoroadejiosiiM>-5-yl)mcthylencbis(phosphon^ 

p'-[7-hy(lioxy-5-methbxy-4-inefliylphdialan4-on-6-(c*hyl-2-yl)]-P^-(3'-^ 
acetyl-2'-dcoxy-2'-fl\ioroguanosine-5-yl)methylenebis0)hosphonate), 

pL[7-hydio3or-5-m^oxy-4-methyIphthalan4H>n-6-(ethyl-2-yl)]-P^-(3'-0- 
acetyl-2'-deoxy-2'-fl\ioronebularae-5-yl)methylenebis(phosphonate), 

p'-[7-hydioxy-5-methoxy-4-methylphthalan-l-on-6-(ethyl-2-yl)]-P^-(3'-0- 
acetyl-2'-deoxy-2'-flttoroxanthosine-5-yl)methylcnebis(phosphonate), 

p'^7-hydroxy-5-methoxy-4-inethylphthalan-l-on-6-(ethyl-2-yl)]-P^3'-0- 
acetyl-2'-deoxy-2'-fluoro-6-thioinosine-5-yl)methylenebis(phosphonate), 

P'-[7-faydroxy-5-inethoxy-4-methylphthalan-l-oii-6-(ethyl-2-yl)]-P^-(3'-0- 
acetyl-2'-dcoxy-2'-fluoro-6-thioguanosine-5-yl)methylenebis(phosphonate), 

p'-[7-hydroxy-5-m6thoxy-4-methylphthalan-l-on-6-(ethyl-2-yl)]-P^-{3'-0- 
acetyl-2'-deoxy-2'-fluoro-0*.-methylmosmc-5-yl)methylenebis(phosphonate), 

p'.[7-hydroxy-5-methoxy-4-methylphthalan-l-on-6-(ethyl-2-yl)]-P^3'-0- 
acetyl-2'-deoxy-2'-fluoro-0*-methylguanosine-5-yl)methylenebis(phosphonate). 

p'-[7-hydroxy-5-methoxy-4-methylphtiialan-l-aii-6-(ethyl-2-yl)]-P^-(3*-0- 
acctyl-2'-dcoxy-2'-fluoro-2-aniinoadenosine-5-yl)methylenebis(plK)sphonat^^ 

p'-[7-hydroxy-5-m6thoxy-4-methylphthdan-l-ra-6-(ethyl-2-yl)]-P*-(3'-0- 
acetyl-2'-deoxy-2*-fluoid-2-fliioroadaiosme-5-yl)methylmebis(^ 

P^[7-hydroxy-5-mettioxy-4-melhyliAthaIan-l-on-6-(elliyl-2-yl)]-P^-(3'-0- 
acetyl-2^deoxy-2'-fluoro-2-cWoioadeiK)sme-5-yl)methylenebk(phosphona^ 

acetyl-2'Hieoxy-2'-fluoto-2-bromoadenosme-5-yl)mcthylenebis(phosph(m^^ 

p'-[7-hydroxy-5-mcflioxy-4-mdiiylphthalaii-l-oii-6-(eayl-2-yl)]-P^3 
acetyl-2'-deoxy-2'-fluoro-6<Uoronebularine-5-yl)mefliylenebis^hoq)honateX 

p'-[7-hydroxy-5-me«hoxy-4-methylphthalan-l-ott^(efliyl-2-yl)]-P^-<3'<^ 
acetyl-2'-deoxy-2'-fluoio-6-me%ltbioguam)sine-5-yl)mefliyleiiebis(p 

P'-[7-hydroxy-5-melhoxy-4^nethylphthaIan-l-oi>^(ethyl-2-yl)]-P^-(3'-^^ 
acetyI-2'-dcoxy-2'-fluoro-8-azaadeno3ine-5-yl)methylenebis(phosphonate), 

p'.[7-bydroxy-5-mcthoxy-4-mcaiylphthalan4-oi>^-(ethyl-2-yl)]-P^-(3'<>- 
acetyl-2'-deoxy-2'-fluoro-8-azainosine-5-yl)methylenebis^hosphoiiate). 
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p'-[7-hydroxy-5-mcthoxy-4-methylphthalan-l-on-6-(ethyl-2-yl)]-P^-<3*-0- 
a(»tyl-r2'-deoxy-2'-fluoro-8-azaguanosinc-5-yl)melhylcnebis(pho3phonate), 

p'-[7-hydtaoxy-5-methoxy-4-melliylphthalan-l-on-6-(ethyl-2-yl)]-P^-[9-(3-0- 
aoetyl-2-deoxy-2-nuoro-P-D-arabinofuranosyl)adenin-5'-yl]me1]iylenebis(phosphonate^ 

p'-[7-hydroxy-5-inethoxy-4-methylph1halaQ4-on-6-(ethyl-2-yl)]-I^-[9-(3-0- 

acetyl-2-deoxy-2-fluoro-p-D-arabmofuranosyl)hypoxanthm-5'- 

yl]me%lenebisOpliosphonate), 

p'-[7-hydroxy-5-me&oxy-4-methylphlha]an-l-on-6-(ethyl-2-yl)]-P^-[9-(3-0- 

a(»tyl-2-deoxy-2-fluoro-P-D-arabmofuranosyl)guaiim-5'-yl]methylenebis(phosp^^ 
p'-[7-hydroxy-5-inetiioxy-4-mcthylphthalan-l -on-6-(ethyl-2-yl)]-P^-[9-(3-0- 

.acetyl-2-deoxy-2-fluoro-P-D-arabinofuranosyl)purin-5'-yl]methylen*^ 

P'.[7-hydroxy-5-mcftoxy-4-methylphthalaii-l-on-6-(ethyl-2-yl)]-P^-[9K3-0- 

acetyl-2-deoxy-2-fluoro-p-D-arabmo£iffanosyl)xanthme-5'- 

yl]me%ienebis(phosphonate), 

P^.[7-hydroxy-5-metiioxy-4-methylphthalan-l-on-6-(cthyl-2-yl)]-P^-[9-(3-0 

acetyl-2-deoxy-2-fluoro-P-D-arabmofuranosyI)-6-thiopurin-5'- 

)d]methylenebis(phosphonate), 

p'-[7-hydroxy-5-incaioxy-4-methylphthalan-l-on-6-(ethyl-2-yl)>P49-(3-0- 

acetyl-2Hleoxy-2-fluoro-p-D-arabmofuranosyl)-6-tluoguanme-5'- 

yl^ethylenebis(phosphonate), 

p'-[7-hydroxy-5-methoxy-4-methylphthalan-l -on-6-(ethyl-2-yl)]-P^-[9-(3-0- 

acetyI-2-deoxy-2-fluoro-P-D-arabinofuranosyI)-6-me*hoxylpurin-5'- 

yl)methylenebis(phosphonate), 

p'-[7-hydroxy-5-medioxy-4-methylphthalan-l-on-6-(ethyl-2-yl)]-P^-[9-(3-0- 

acctyl-2-deoxy-2-fluoro-P-D-arabinofiu-anosyl>0*-methylguanine-5'- 

yl]methylenebis(phosphonate), 

p'-[7-hydK)xy-5-methoxy-4-methylphthalan-l-oii-6-(et]iyl-2-yl)]-P^-[9-(3-0- 

acetyI-2-deoxy-2-fluoro-P-D-arabmofuranosyl)-2-ainmoad«ime-5*- 

yl]methylenebis(phosphonate), 

p'-[7-hydroxy-5-meflioxy-4-methylphthalaii-l-on-6-(ethyl-2-yl)]-P^-[9T(3-0- 

acetyl-2-deoxy-2-fluoro-P-D-arabmofuranc)syl>2-fluoroadenine-5*- 
yl]mcthylaicbis(pho^honate). 
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P^.[7.hydroxy.5.mcthoxy-4-methylphthdan4-on-6-(elh^^ 
acetyl.2-deoxy-2-fluoib-p-D-arabinofiiranosyI>2-cWoroad^^ 

yl]inethyleaebis(phosphonate), 

P*-[7-hydroxy-5-methoxy-4-methylphthalan4-on.6KelhyW^^ 

acetyl-2Hleoxy-2-fluoro-P-D-anibmofuranosyl>2-bi^ 

yl]methylend5is(phDsphonate), 

P*-[7.hydroxy-5.met]ioxy-4.methylphthalan.l.on-6.(ethyl-2.^^^^ 

acetyl-2-deoxy-2-fluoro-P-D-arabinofuranosyl>6-c^ 

yl]methylenebis(phosphoiiate). 

P^[7-hydroxy-5.metlK)xy^methylphthdan4-on-6-{ethyl-2-^^^^ 

acetyl-2.deoxy-2-Quoro-p-D.arabinofuranosy^ 

yl]inefliylenebisO)hosphonate), 

P*-[7-hydTOxy-5-methoxy-4-methylphthalan4-on-6-(ethyl-^^^^ 

acetyl-2-deoxy-2-fluoro-P-I>arabmofuranosyl)-8-^^ 

yl]mefhylenebis(phosphonate), 

P^-[7.hydioxy-5-methoxy-4-methylphthalan-l-on-6-(ethyl-2-^^^^ 

acetyl-2^eoxy-2-fhiorO'p-I>aiabmofurmiosyl>8 

yl]inethylenebis(phosphonate), 

P*-[7-hydroxy-5Hnethoxy-4-me%lphthalan-lK)n-6-(ethyl-2-yl)3-P^^^ 

acctyl-2Kleoxy-2-fluoro-p-D-aiabinofuranosyl)-8-a2aguanin-5 

yl]methylenebis(phosphonate), 

P^-[7-hydroxy-5-raethoxy-4-inethylphthalan-] -on-6-(ethyl-2-yl)]-P -[9-(2-0- 

acetyl-3-deoxy-3-fluoro-p-D-xyloftTanosyl)adenm-5'-yl^^^ 

p^-[7-hydioxy-5-methoxy-4.me%lphthalan-l<)n-6<cthyl-2-yl)]-P^-[ 
acetyl-3-deoxy-3-fluoro-P-D-xylofuranosyl)hypoxanthin-5'- 

yl]methylenebis(phosphonate), 

p'.[7-hydroxy-5-methoxy-4-methylphtbalan4-on-6-(ethyl-2-yl)]-P^^ 

acetyl-3-deoxy-3-fluoro-p-D-xylofuranosyl)guaiiin-5'-yl]me^^^ 

P^-[7-hydroxy-5-methoxy-4-methylphthalan-l-oi>6-(ethyl-2-yl)]-P^-[9<2 

acetyl-3-deoxy-3-fluoro.p-D-xylofuranosy])pmn-5'-yn 

P^-[7-hydroxy-5-inethoxy-4'methylphthalaii- 1 -on-6-(ethyl-2-yl)]-P^-[9-(2-0- 

acetyl-3^eoxy-3-fluoro-P-D.xylofuraaosyl)xanthi^^^ 
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p'-[7-hyclroxy-5-me1hoxy-4-methylphthalan-l-on-6-(elhyl-2-yl)]-P^-[9-(2-0- 

acetyl-3-dOTxy-3-flu<m)-P-D-xylofiimoayl)-6-thiop\jrm-5'- 

yl]methyleiiebis(phosphohate), 

p'.[7-hydioxy-5-methoxy-4-methy]phthalan-l-Qn-6-(ethyl-2-yl)]-PM9-{2-0- 

acetyl-3Hieoxy-3-fluoro-P-D-xylofuranosyl>6-thioguamne-5'- 

yl]methylaidjis(phosphonate), 

p'-[7.hydroxy-5-methoxy-4-methylphtha]an-l-oii-6-(ethyl-2-yl)3-P*-[9-(2-0- 

acetyl-3-deoxy-3-fluoro-|3-D-xylofuranosyl)-6-methoxy^urin-5'- 

y])ni^yiai*is^osphonate), 

P*-[7-hydroxy-5-methoxy-4-methylphflialan-l-on-6-{ethyl-2-yl)]-P^-[9-(2-0- 

acetyl-3-deoxy-3-fluoro-p-D-xylofuranosyl>0**-methylguanine-5'- 

yl]methylenebis(phosphonate), 

p'47-hydioxy-5-methoxy-4-methylphthalan-l-on-6-(ethyl-2-yl)]-P^-[9-(2-0- 

acetyl-3-deoxy-3-fluoro-p-I>-xylofuranosyl)-2-aminoadenine-5'- 

yl]methylenebis(phosphonate), 

P^-[7-hydroxy-5-methoxy-4-methylphlhalan-l-on-6-(ctbyl-2-yl)]-P^-[9-(2-0- 

acetyl-3-<leoxy-3-fluoro-P-D-xylofuranosyl)-2-fluoroadenine-5'- 

yl]methylenebis(phosphonate), 

p'-[7-hydroxy-5-methoxy-4-methylphthalan-l-on-6-(e1iiyl-2-yl)]-P^-[9-{2-0- 

acetyl-3Hle«xy-3-fluoro-p-D-xylofuiaaosyl)-2-cUoioadenin-5'- 

yl]mefliylenebis(phosphonate), 

p'-[7-hydroxy-5-methoxy-4-methylphthalan-l-oii-6-(ethyl-2.yl)]-P^-[9-(2-0- 

a(»tyl-3-deoxy-3-fluoro-p-D-xylofunmosyl)-2-bromoadenm-5'- 

yl]methylenebis(phosphonate), 

p'-[7-hydroxy-5-methoxy-4-methylph1halan-l-on-6-(ethyl-2-yl)]-P^-[9-(2-0- 

acctyl-3-deoxy-3-fluoro-p-D-xylofuranosyl)-6M:hlor<Turiii-5'- 

yl]metJiylenebis(phosphonate), 

p'-[7-hydioxy-5-methoxy-4-methylphth2lan-l-on-6-(ethyl-2-yl)]-P*-[9-(2-0^ 

acetyl-3-deoxy-3-fluoro-p-D-xylofuraaosyl)-6-methylthiog^aiim-5'- . . 
yl]methylenebis(phosphonate), 
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p'-[7-hy(]roxy-5-mcthoxy-4-mcthylpWhalan-l-on-6-(ethyl-2-y03-P^-[9<2-O 
acetyl-3-deoxy-3-fliioro-p-D-xylo&ranosyl)-8-azaadeiiin-5'- 

yl]methylaiebis(phosphonate), 

p'-[7-hy<iroxy-5-methoxy-4-methy]phdialan-lK)n-6-(e%l-2-yl)]-P^-[9-(2-0- 

acetylOHleoxyO-fhxoro-p-D-xylofuranosyl)-8-azahypoxanthm-5'- 

yl]methylenebis(phDsphoiiale), 

p'.[7-hydroxy-5-methoxy-4^nethylphthalan-l-on-6KethyI-2-yl)l-P^-[9K2-0- 

acetyl-3-deoxy-3-fluoro-p-D-xylofurmosyI>8-azaguanm-5'- 

ylJmcthylcndjisdAosphonate). 

p'^7.hydioxy-5-methoxy-4-mctliylphthalan-l-on-6-(3-methylbut-2-eae-4^^^^ 

P^-(2'^'-0-isopropylidene^thioinosine-5-yl)methylenebis(phosphonate). 

P*47-hydioxy-5-methoxy-4-methylphthdan4-on-6-(3-methylbut-2-ene.4.yl)]- 
P^-(2%3'-04sopropylidene-6-thioguanosine-5-yl)methylenebis(phosphonate), 

pi47-hydroxy-5-methoxy-4-methylphthalan-l-on-6-(3-methyIbut-2-ene.4-yl)]. 
p'-(2\3'-(>isopropylidenc-0*-m6lhylinosine-5-yl)methylenebis(phosphonate), 

p'-[7-hydK)xy-5-metlioxy-4-methylphthalan-l-on-6-(3-methyn5ut-2-ene-4-yl)]- 
P^-(2',3'-C>-isopropylidene-0*-methylguanosme-5-yI)methyIenebis(phosphonatc), 

p'-[7-hydroxy-5-methoxy-4-mdhylphthalan-l-on-6-(3-niethylbut-2-ene-4-yl)]- 
P^-(2S3'-0-isopropyUdene-2-ammoadenosine-5-yl)methylenebis(phosphonate), 

P^[7-hydroxy-5-inethoxy-4-methylphthalan-l-on-6-(3-methyIbut-2^e-4-yl)]- 
P^-(2\3'-0-isopropylidene-2-fluoroadenosine-5-yl)methylenebis(phosphonate), 

p'-[7-hydroxy-5-methoxy-4-me1hylphthalan-l-OT-6-(3-methylbut-2-cne-4-yl)]- 
P^-(2^3'-0-isop^opylidene-2-chlo^oadenosine.5-yl)mcthylenebis(phosphonate), 

p'-[7-hydroxy-5-metboxy4-methylphthalan-lK)n-6-(3.methylbut-2-ene-4.ylM 
P^H2'^'-0-isopropyHdeaer2-bromoadenosine-5-yl)methylenebis(phosphonate), 

' pi.[7.hydroxy-5-methoxy^-methylphthalan-l-on^-(3-methylbut-2-eDe-4-ylM 

p'-(2\3'-0-isoF'^yfidmc^-<*lo«>o«'»*^«™^*'5'y^^'*'^^^^^ 

p'-[7-hydroxy-5-methoxy-4-methylphthalan-l-on-6-(3-mefliylbut-2-^e-4-yD^ 

P^-(2'^'-0-isopropyKdene-^-methylthioguanosine-5-yl)methylenebisC^^ 

'p'-[7-hydroxy-5-methcay-4-methyliAlhalan-l-on-6<3-methyIbut-2-«iM 

p2-(2\3*-0-isopropyUdme-8-azaadenosine-5-yl)methylenebis(phosph<?^ 

p'-[7.hydroxy-5-methoxy-4-methyliAthalaii-lH>n-6<3-methyIbut-2-^^^^ 

p2-(2%3'-0-isopropylidene-8-azainosiiiB-5-yl)methyleiiebis(pho^honate), 
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p'-[7-hydroxy-5-methoxy-4-me1hylphthalan-l-on-6-(3-methylbut-2-ene-4-yl)]- 
P^2';3'-6-isopropyiidCTc-8-azag3ianosiiic-5-yl)me1hylenebis(pbosphoiiate), 

p'-[7-hydroxy-5-methoxy-4-methylphthdan4-on-6-(3-methylh«-2-cnc^^^^ 
P^2'^'-0-isopiopylidme-6-thiomosine-5-yl)methylenebis(phosphonate), 

P*47-bydioxy-5-meth4oxy4-niet]iylphthalan-l-on-6-(3-iriethyIhex-2-ene-6-yl)]- 
P^-<2',3'-0-isopropylidene-6-thioguanosine-5-yl)metbylenebis(phosphonate), 

P'-[7-hydroxy-5-methoxy-4-methylphtbalan-l-on-6-(3-methylbex-2-ene-6-yl)l- 
P^-(2\3'-C)-isc?)ropylidene-0*-ine%lmosme-5-yl)methylenebis(pbosphonate), 

p'.[7-hydioxy-5-metboxy-4-inethylphthalan-l-on-6-(3-methylhex-2-ene-6-yl)]- 
P^-(2%3'-0-isopropyUdene-0*-methylguanosine-5-y])metbylenebis(phosphonate), 

P>.[7-hydroxy-5-methoxy-4-methylpbthalan-l-on-6-(3-metbylhex-2-ene-6-yl)]- 
P^<2\3'-0-isopropylidene-2-aminoadenosme-5-yl)methylenebis^hosphoiiate), 

p'.[7-hydioxy-5-metboxy-4-methylphthalan-l-on-6-(3-methylhex-2-ene-6-yl)]- 
P^-(2',3'-0-isopropylidene-2-fluoroadenosiiic-5-yl)mefliylenebis(phosphonate), 

p'-[7-hydroxy-5-methoxy-4-methylphthalan-l-on-6-(3-methylhex-2-enc-6-yl)]- 
P^2\3'-0-isopropyUdene-2-<;Woroadenosine-5-yl)methylenebis(pho8ph<mate), 

p'-[7-hydroxy-5-metboxy-4-melhylphthalaii-l-on-6-(3-methylhcx-2-enc-6-yl)]- 
p2-{2\3'-0-isopropylideae-2-bromoadenoane-5-yl)mefl]ylenebis(phos^ 

pU[7-hydroxy-5Hn6thoxy-4-methylphflialan-l-on-6-(3-methylhex-2-ene-6-yD^^ 
P^<2\3'<)-isopropyUdeae-6-cbloronebularine-5-yl)methylmebis(phosph(M^ 

P'.I7-hydroxy-5-methoxy-4-methylphthalan-l-oii-6-(3-methyniex-2-ette-6-yD]- 
P^-(2\3'-0-isopropylidene-6-methyllMoguanosine-5-yl)mefliyleoebis(p^ 

P^-[7-hydroxy-5-methoxy-4-me11iy^h1iialaiirl-on-6-(3-methymex-2-ene-6-y^ 
P^<2\3'-<)-iscvropyMOTe-8-azaadenosjne-5-yl)na^ylenebis(phosphonate), 

pM7-hydroxy-5Hn6aoxy-4-methylph1halan-l-on-6<3-mettylhex-2-ene-6-yl)]- 
P^-(2\3'-0-isopropyUdene-8-azamosme-5-yl)methylett€bis(phosphonateX 

pM7-hydroxy-5Hnethoxy-4-methylphflialan-l-on-6-(3-methylhcx-2-ene-6-yl)]- 
P^-<2S3'-0-isopTopyUdener8-azaguanosine-5-yl)methyleniebisC[Aosphonate). 

The L-nucleoside-containing isomers of the above compounds are prepared by 
using the coiresponding 2,3-O-piotected L-nuclcosides. 
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Biological Methods 

Cell culture assays were used to detemiine the mli-Flavmridae activity of 
unmodified or modified compounds of the formula (I) disclosed herein. 



5 UNA isolation and quantitative RT-PCR analysis 

An effective process to quantify the viral load in a host, termed real-time 
polymerase chain reaction HIT-PCR") is provided. The process involves using a 
quenched fluorescent probe molecule which can be hybridized to viral DNA or RNA. 
Therefore, upon exonucleolytic degradation, a detectable fluorescent signal can be 
10 monitored. Thereforei the RT-PCR amplified DNA or RNA is detected in real time by 
monitoring the presence of fluorescence signals. 

As one iDustration of this method, in the case of BVDV in MDBK cells, in a first 
step, viral RNA is isolated fiom 140 pL of the cell culture supernatant by means of a 
commercially available column (Viral RNA extraction kit, QiaGen, CA). The viral KNA 

15 is then eluted fi-om the cohimn to yield a total volume of 60 pL, and subsequently 
amplified with a quantitative RT-PCR protocol using a suitable primer for the BVDV 
NADL strain. A quenched fluorescent probe molecule is hybridized to the BVDV DNA, 
which then undergoes exonucleolytic degradation resulting in a detectable fluorescent 
signal. Therefore, the RT-PCR ampHfied DNA was detected in real time by monitoring 

20 the presence of fluorescence signals. The TaqMan probe molecule (5' 6-fam- 
AAATCCTCCTAACAAGCGGGTTCCAGG-tamara 3' [Sequence ID No. 7] and 
primers (sense: 5'-AGCCTrCAGTTTCTrGCTGATGT-3- [Sequence ID No. 8]; and 
antisense: 5'-TGTTGCGAAAGCACCAACAG-3' [Sequence ID No. 9]) were designed 
with the aid of the Primer Express software (PE-Applied Biosystems) to be 

25 complementary to the BVDV NADL NS5B region. A total of 10 nL of RNA was 
analyzed in a 50 RT-PCR mixmre. Reagents and conditions used in quantitative PGR 
were purchased fiom PE-AppHed Biosystems. Hie standard curve that was created using 
. the undiluted inoculum virus ranged firom 6000 plaque forming units (PFU) to 0.6 PFU 
per RT-PCR mixture. A linear range of over 4-logs was routinely obtained. 

30 
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Cell I viral materials 

One of the best diaracterized members of the Pestivirus genus is BVDV. BVDV 
and HCV share at least three common features, which are the following: (1) they both 
undergo IRES-mediated translation; (2) NS4A cofector is required by their NS3 serine 
protease; and (3) they undergo similar polyprotein processing within the non-structural 
region, especially at the NS5A and NS5B junction site. 

The BVDV replication system was used for the discovery of dnH-Flaviyiridae 
compounds. The compounds described herdn are active against Pestiviruses, 
Hepaciviruses and/or Flaviviruses. 

Maldin-Darby bovine kidney (MDBK) cells were grown and maintained in a 
modified eagle medium {DMEM/F12; GibcoBRL), supplemented with 10% heat 
inactivated horse serum at 3TC in a humidified, 5% 002, incubator. 

Bovine viral diarrhea virus (BVDV), strain NADL, causes a cytopathogenic 
effect (CPE) after infection of these cells. 

Example 13 

Cytopaihic Effect (CPE) Assay 

MDBK-cells, grown in DMEM/F12 - 10% horse senun (HS), were isolated using 
standard techniques using trypsin-EDTA Cells were seeded in a 96.weU plate at 5 x 10* 
cells/well, with test compound (20 micromolar (fiM) concentration) to give a total 
volume of 100 microlitCTs (^). After one hour, the media was removed and tiie cells 
were infected with cpBVDV (NADL) at a multiplicity of infection (MOI) of 0.02 or 
0.002 in a total volume of 50 \iL for 45 minutes. Thereafter, the virus was removed and 
the cells were washed twice with 100 \iL of assay media. Finally, the infected cells were 
incubated in a total volume of 100 containing the test compound at 40 or 100 \M 
concentration. After 22 hours, the cell supernatant was collected by removing flie 
cellular debris by low-speed centrifugalion, and subsequently tested for the presence of 
virus in a quantitative manner. This assay proved problematic since MDBK cells are 
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sensitive to the compoimds of the present invention. The results of this assay using 
Ribavirin are illustrated in Figure 3. 



Example 14 

Ttoxicity testing of candle anti-Flaviviridae compounds 

5 Cytotoxicity testing can be cairied out according to Standard methods. . MDBK, 

PBM, HepG2, Huh7 and Veio cells were used. Briefly, cells are seeded in 96-weU plates 
at various concentrations (dependent on cell type, duration of assay), typically at 5x10* 
cells per well, in the presence of increasing concentrations of the test confound (0, 1, 3, 
10, 33 and 100 pM). After a three day-incubation, ceU viability and naitodiondrial 

10 activity are measured by adding the MTS-dye (Promega), followed by a 3 hours 
incubation. Afterwards the plates containing the dye are read at 490 nm. Each assay was 
done in tripUcate. Such methodologies are well described and available from the 
manufacturer (Promega). 

In addition, the toxicity of C2-MAD was tested in Balb/c mice (six mice per 

15 group) at various concentrations (10, 30 and 60 mg/kg/day for ten days) as compared to 
water over aperiod of ten days. The results of this screening are illustrated in Kgure 4. 



Example 15 

Jhe BVDVRT-PCR quantification standard curve 

The standard BVDV virus stock contained 2 x 10* PFU/ml. as determined by 
20 routine plaque assay (Mendez, E. et al J. Virol. 1998, 72. 4737). Viral RNA was 
extracted from 140 jxL of this inoculum materiai and cktcd from a column using 60 jiL 
of an ehition buffer. TWs purified RNA material then was dihited stepwise from IQ-* to 
10-^ Using the real-time RT-PCR amplification technique. 10 (iL of eadh dilution was 
tested. The results of this diktion series are plotted in Figure S, relating PFU to 
23 concaitration of standard. From this experiment, it is clear that this technology aUows 
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for leliable quantification over 4-logs of virus (from 6000 to 0.6 PFIJ/ input in 
amplification mix). The lower limit of detection in this experiment is 0.6 PFU or -0.22 
log PFU. Therefore, the real-time RT-POl quantification values of test samples below 
this detection limit were considered non-reliable. 

Example 16 

Ihe BVDY replication cycle in MDBK cells 

In order to measnre the BVDV production in MDBK cells and to determine the 
optimal harvesting time over a certain period of time, cells were seeded at 5x10^ 
cells/well and infected either with MOI = 0.02 or MOI = 0.002. After infection, the 
inoculum was removed and the cells were washed twice with culture medium. . At 
different time points, the cell supernatant was harvested; and, the amount of virus was 
measured and compared to the original inoculum and the cell wash, as shown in Figure 
6. At least 2 wash-steps were needed to remove the inoculum virus. The amount of 
virus produced 22 hours after mfection approximately equals the amount of virus used to 
inoculate the cells. Based on these results, the time required for one replication cycle of 
BVDV m MDBK cells was 22 hours. Note that the detection level set in these 
experiments was based on the lower limit of detection as determined by the standard 
curve. 

The BVDV production in MDBK cell over a four-day incubation period was also 
assessed relative to ribavirin (RIB) and interferon (EFN), as shown in Figure 7. 

Example 17 

Evaluation of candidate antiviral compounds using RT-PCR 

MDBK cells w^e seeded at 5 x 10"^ ceUs/ wcU, infected with BVDV with a MOI 
equal to 0,02 and grown for 22 hours in the presence of a test compound. CeUs that were 
not treated with a test compound were considered, a negative control, while ribavirin 
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served as a positive control. Viral RNA was extracted and analyzed by real time RT- 
PCR- A typical experiment, shown in Figure 4, demonstrates that the negative control 
and the compounds C2-MPAldehyde, C4-MPAlddehyde, C6-MAD, F-ara-CHz-BAD, 
guanosine, beiizyl-C2-MPA-0-mesyl and mizoribine produced comparable amoimts of 
5 virus, effectively showing the test compounds as non-active. However, the cells treated 
with the positive control, ribavirin (RIB) or with mycophenohc acid or tiazofiiiin show 
an ahnost complete absence of viral RNA. Other active compounds are listed in Table 1 
• and/or shown in Figure 8. RIB and these active compounds reduce viral production by 
approximately 2 log PFU, or 99%, in the 22 hour replication period. The exact potency 
10 of these compounds cannot be deduced from this experiment, since the detection limit in 
this experiment is set at -022 log PFU and only one cycle of viral replication occurs 
under the stated experimental conditions. 

Potencies, or the effect concentration of compounds that inhibits virus production 
by 50% or 90% (EC50 or EC90 values, respectively), of anti-BVDV compounds were 

15 detemiined in a similar set of experiments, but over a broad range of test compound 
concentrations (0, 1, 3, 10, 33, 100 jiM). The EC90 value refers to the concentration 
necessary to obtain a 1-log reduction in viral production withm a 22 hour period. 
Compounds that showed potent antiviral activity are listed in Table 1 and Table 2. 
Toxicity data were also obtained and are included, when available. Controls were 

20 Ribavirin and the polyoxymetalate HPA-023 in these experiments. 

The dose-response for ribavirin (Rib) and Tiazofiirin were compared to C2-MAD 
24 hours post-infection, as shown in Figure 9. The prevention of antiviral effect by 
exogenous addition of guanosine 24 hours post-infection was also measured to determine 
if the compounds were IMPDH inhibitors. As shown in Figure 10, the IMPDH activity 
25 does not always correlate with anti-BVDV activity. For example, Mizoribine is a very 
potent human IMPDH mhibitor (Ki = 0.004 ^lM), but not active against BVDV (EC90 > 
100 |iM), while C2-MAD. is a potent IMPDH inhibitor (Kj = 0.3 pM), as well as a potent 
inhibitor of BVDV (EC90 = 4 \M). 

30 y 
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The invention has been described with reference to various specific and preferred 
embodiments and techniques. However, it should be understood that many variations and 
modifications will be obvious to those skilled in the art from the foregoing detailed 
description of the invention and may be made while remaining within the spirit and scope of 
the invention. 
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We Claim: 

1 . A compound of the following general fonnula (I): 



\ OH OH 
,^ 0-P-X-P-O-R 

a3 T>* II II 



00 

or its phaimaceutically acceptable salt or prodrug ttiereof; wherein 
Ris 



OH OH 
(DD 



OH OH 

(m) 




(IV) ^ i 

X is oxy^ea, sulfur, methylene, monofluoromcthylcnc or 
difhioromeAylene; 

y is hydrogen, halogen (F, CI, Br, I). NHj, NHR* NR^^ NHOH, 
NHOR*. NHNH2. NR'^i. NHNHR', SH, SR*. OH or OR*; 
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Z is hydrogen, halogen (F, CI, Br, I), NH2, NHR^ NR^^ NHOH, 

. NHOR^ NHNH2. mhmz. nhnhr', sh, sr*, oh, or^ 

W^-W* are same or .diflFerent, and independently methyne {-CH=), 
azomethyne (-N=) or sulfur, 

W^-W* are same or diflerent, and independently methyne (-GH=) or 
azomethyne (-N=); 

r\ R^ and R* are independently hydrogen, hydroxyl or fluorine; 

R^ is halogen (F, CI, Br, 1), CN, CONH2, COjMe, COjEt or CO2H; and 

R^ R"^, R^ aad R^ are independently a lower alkane or alkene of 1, 2, 3, 4, 
5 or 6 carbons or aryl or aralkyl; 

wherein the compound is specifically not tiazole-4-carboxamide adenine 
dinucleotide (TAD) orbenzamide adenine dinucleotide (BAD). 
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The compound of Claim 1, wherein the compound of foimula (I) is selected from 
the* group consisting of the following: 



HO OH 




HQ OH 



:0NH2 



Bis(phospbooate) asatogncs of BAD 
X-CHjorCF: 




HO OH 



,C0NH2 



HO OH 




CH3 



CZ-MAD 



HO Oti 




OUHz 



Bfiddio^taDaie) analogues of TAO 
pOIrTADpC-OH) 




.OCH 

PLoXc-L 



KH2 



HO OH 




;0NH2 



BDO 



2 g CH3 OH o 



C4-MAD 



or its pharmaceutically acceptable salt or prodrug thereof wherem X. is 
oxygen, sulfur, methylene, monofluoromethylene or difluoromethylene. 
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3 . A compound of the formula: 

OH OH 



OH OH 



OH OH 
0-P— CH2— ?- 



'6 



II 
O 



NH2 



or its pharmaccutically accqptable salt or prodrug thereof. 




4. A compound selected from the group consisting of the following: 



CH3 

3.Mi Alcohol (R"' = R"=H) C4.MPAJa)bol(R"-R"-H> 
iaofi a-MP Alcohol 0^" « heatj); R" " K) 



CHj O R'" o 



CH3 0 R^'^o 



0 R't 




«3 



C24Myeq)beDolic aldehyde 
C2-MPAUsfayda(R'><«H} 



OR^O 



CI 



CZ->Mycopha»Iic icxd 
a-MP Arid (R^-R^-H) 




CHa O o 




H3 



C4>Mycapbeaolic aldehyde 
C4-MPAMd»yde(R'* = H) 



CH3 



OR^ O 



CH3 



C4-My60phe8olic tctd 
C4-MPAdd(R*«lt"«H) 



CH3 

Alcdhol (R" ■ R" - H) 



C6-MycophoDolic aldehyde 
06-MP Aldehyde (R'^'H) 



CHg OR*°o 




CH 



C^-Myeophenolis &cid 

MPA{R'*-R'*-H) 

MP mdhyl csierCR" - a R"« Me). 



or its phannaceutically acceptable salt or prodrug thereof; T?^ercin 

each and R^' is independently hydrogpn, alkyl, acyl, benzyl or 
methoxymethyl (MOM) group, and each R^^ is independently hydrogen, alkylor 
aryl. 
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5. A compound selected from the group consisting of the following: 



Cnr^O 0 "CS; OR^^^"^ 0 OR-o 



each b}^ is independently hydrogen, alkyl, acyl, benzyl or mcthoxymcthyl 
(MOM) group; 

each R^^ is independently hydrogen, alkyl or aryl; and 

R^^ is lower alkyl (i.e. a Ci, C2, C3, C4, C5 or Ce alkyl), lower alkenyl (i.e. 
a C2, C3, C4, C5 or C6 alkenyl), lower alkynyl (i.e. a C2, C3, C4, C5 or Ce alkynyl) 
oraCj-Cs cycloalkyl. 




,10 



or its phaimaceutically acceptable salt or prodrug thereof, wherein 
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6. A compound selected from the group consisting of the following: 




or its pharmaceiitically acceptable salt or prodrug thereof; wherein 

each R^^ is independently hydrogen, alkyl, zcy% benzyl or mefhoxymethyl 
(MOM) group. 

7. A compound selected fiom the group consisting of the foUowmg: 




or its pharaiaccuticaUy accqptablc salt or prodrug thereof, wherein 
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X is oxygen, sulfur, methylaie, monofluoromethylene or 
difluoromcthylcnc; and 

each is independently hydrogen, alkyl, acyl, ben^l or methoxymethyl 
(MOM) group; and 

each R*^ is independently hydrogen, alkyl or aiyl. 



A phannaceutical composition for the treiatment or prophylaxis of a Flaviviridae 
infection in a host, comprising an efiFective amount of a compound of the formula 
0): 



Y 



OH OH 
R R II M 

o o 



(I) 



or its phannaceutically acceptable salt or prodrug thereof wherein 
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Ris 




OH OH 



W3 




01 




(V) ; 

X is oxygen, sulfui, methylene, monofluoromethylene or 
difluoromethylene; 

Y is hydrogen, halogen (F, CI, Br, I), NHR^ NR^R'', NHOH, 
NHOR^ NHNHz, NR^a, NHNHR^ SH, SR', OH or OR^ 

Z is hydrogen, halogen (IF, CI, Br. I), NHj, NHR*, NR*R^ NHOH, 
NHOR^ NHNH2, NR^2, NHNHR*. SH, SR^ OH, OR^ 

W*-W^ are same or different, and independently methyne (-CH=), 
azomethyne (-N=) or snlj&ir; 

W^-W^ are same or different, and ind^endently methyne (-CH=) or 
azomethyne (-N=); 

r\ B?, and R^ are independently hydrogen, hydroxyl or fluorine; 

R^ is halogen (F, CI, Br, I), CN, CONH2, COzMe, COjEt or CO2H; and 

R^ R\ R^ and R^ are independently a lower alkane or alkene of 1 , 2, 3, 4, 
5 or 6 carbons or aryl or araikyl; 
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wherein the compound is specifically not tiazole-4-carboxaniide adenine 
dinucleotidc (TAD) or benzamidc adenine dinucleotide (BAD); 

in a phaimaceutically acceptable cairier or diluKit 



The pharmaceutical composition of Claim 8, wherein the compound of formula 
(I) is selected fi-om the group consisting of the following: 




AH2 



HO OH 

HOOH 



HO OH 



Bi<pkosptosate) aiatosnes of BAD 
X*<»,cirCF3 




f^H2 



^J C0NH2 

ho6h 



F-a»CHrBAD 



HO OH 



OH o 





;0NH2 



Bistpbo^hooaiB} analogBCS of .TAD 



HO OH 




.GONHa 



h6 6h 



BDD 



HO OH 




C2-MAD 



or its pharmaceutically accqjtable salt or prodrug thereof, wherein X is 
oxygen, sulfur, methylene, monofluorpmethylene or difluoromeflxylaae. 
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10. A pharmaceutical composition for the treatment or prophylaxis of a Flaviviridae 
. infection in a host, comprising an eflFective amount of a compound of the 
formula: 



OH OH 

6 o 



OH 




NHz 

or its pharmaceuticaliy acceptable salt or prodrug thereof; in a 
phaimaceutically acceptable carrier or dihient. 



11. A pharmaceutical composition for the treatment or prophylaxis of a Flaviviridae 
infection in a host, comprising an effective amount of a compound selected from 
the group consisting of the following: 



^MycopIiaiolIcalcpM 

3WAte)hd(R"-R"-H) 

)«a2yl a-MP AlaftDl (R"*- lienqfl: R" - 




CH^ 




CZ^ycophenoik aldehyde 
Q.MP Aldehyde (A.'^°H) 



OR«0 




C4-M^opli6aoBc«Ieobol 
C4^P Alcohol (R"-R"-H) 



CH3 



O R^" 




C4-Mycopheiiolic aldehyde 
C4J^ Aldehyde (R^-H) 



CH3 OR'* o 



CiMycopliennlic actd 
C4-MPAeM(R"-R'*-H) 



CH3 

- (^Mjce^KDoiic ilcdnl 
G6-MP Alcofaol CR'^ - a" - H) 



CH3 O R''* 0 

WWVb 

C6-Mycophciioltc ddcfayde 
C6.MP Aldehyde (R"-H) 



O 

R^cT 



0 R" 



CH^O-'V^^ 

C6-Mycq>t)eooIic acid 
MPA(R* = R'*»H) 
. MP Medy] eater (R" " H, R"- Me) 
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or its phaimaceutically acceptable salt or prodrug thereof; wherein 

each R^*^ and R*^ is independently hydrogen, alkyl, acyl, benzyl or 
methoxymethyl (MOM) groiq), and each R" is mdependently hydrogen, cdkyl or 
aryl; 

in a pharmaceutically acceptable carrier or diluent 

12. A pharmaceutical composition for the treatment or prophylaxis of a Flaviviridae 
infection in a host, comprising an effective amount of a compoimd selected from 
the group consisting of tiae following: 




or its phaimaceutically acceptable salt or prodrug thereof; wherdn 

each R^^ is independently hydrogen, alkyl, acyl, ben2yl or methoxymethyl 
(MOM) group; 

each R^^ is independently hydrogen, allq^l or aryl; and 

R'^ is lower alkyl (i.e, a Ci, C2, C3, C4, C3 or Q alkyl), lower alkenyl Ci.e. 
a C2, C3, C4, C5 or Ce alkenyl), lower alfcynyl (i.e. a C2, C3, Ca, Cs or C6 alkynyl) 
oraCs-Cfi cycloalkyl; 

in a pharmaceutically acceptable carrier or diluent. 
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13. A pharmaceutical comjwsitioii for the treatment or prophylaxis of a Flaviviridae 
infection in a host, comprising an eJBfective amount of a compound selected from 
the group consisting of the following: 





CH, OR"0 






















CH3 








M>Ci3phenetha]ie (R"« H) 


Myco|teh3-n»tIiylboiiiw (R*- H) 




M>«pheii-l-aieihyDiexiiu (R**" > ^ 




OR"0 


CH3 


OR»o 










CHaO^ 










CH3 




Ah, 




Myeopimihexene (R^ « H) 



or its phamaceuticaUy acceptable salt or prodrug thereof; wheran 
each R" is indepcndendy hydrogen, alkyl. acyl, benzyl ormethoxymethyl 
^OM) group;, 

in a pharmaceutically acceptable carrier or diluent. 



110 



wo 02/48165 



PCT/USOl/49231 



14. A pharmaceutical composition for (he treatment or prophylaxis of a Flaviviridae 
infectioii in a host, comprising an effective amount of a compound selected fiom 
the group consisting of the following: 




C4-MPAlc0hol<a7tenebls(p!AsptoD^^ 




or its pharmaceutically acceptable salt or prodrug thereof wherein 

X is oxygen, sulfur, methylene, monofluoromethylene or 
difluoromethylene; and 

each R^^ is independently hydrogen, alkyl, acyl, benzyl or methoxymethyl 
(MOM) group; and 

each R^^ is independently hydrogen, alkyl or aryl; 

in a pharmaceutically acceptable carrier or diluent 
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15. A phannacentical composition for the treatment or prophylaxis of a Flaviviridae 
infection in a host, comprising an effective amoimt of a compound of the formula 

(I): 



R' 



\ VH OH 

i_o-p-x-p-o- 



o o 



a) 

or its phannaceutically accqjtable salt or prodrug thereof wherein 
Ris 




OH OH 

(no 



-|-(CH: 




X is oxygen, sulfur, . methylene, monofluoromctfaylenc or 
difluoromethylene; 

Y is hydiogen. halogen (F, CI, Br, I), NHj, NHR^ NR«R^ NHOH, 
NHOR*. NHNHj, NR^NHj, NHNHR*. SH, SR*. OH or OR*; 
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Z is hydrogen, halogen (F, CI, Br, I), NHi, MHR*, NRV, NHOH, 
NHOR^ NHNH2, NR^j, NHNHR^ SH, SR^ OH, OR'*; 

W^-W^ are same or different, and independently methyne (-CH=), 
azomethyne (-N=) or sulfur, 

W^-W^ are same or different, and independently methyne (-CH=) or 
azomethyne (-N=); 

R\ R^, R^ and R* are mdq)endently hydrogen, hydroxy! or fluorine; 

r5 is halogen (F, CI, Br, I), CN, CONH2, C02Me, C02Et or CO2H; and 

R^, R^, R^ and R^ are independently a lower alkane or alkene of 1, 2, 3, 4, 
5 or 6 carbons or aryl or aralkyl; 

wherein the compound is specifically not tiazole-4-caiboxamide adenine 
dinucleotide (TAD) orbcnzamide ademne dinucleotide (BAD); 

in combination with one or more other antivirally effective agent, 
optionally m a pharmaceutically acceptable carrier or diluent. 
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16. Hie pharmaceutical coinposition of Claim 15, wherein tibe compoxrad of formula 
(I) is selected jfrom the group consisting of the following: 



Xh, h<J Ah 

BisCplicspbDiiatB) matogucB of BAD 
X-OfaorCFs 




,C0NH2 



HO OK 



OH o 




HO OH 




O 0 

o4-)^Lo- 
OH Ah 



Bk^Iiocpkmite) analogues oTTAD 
^Of a-TAD (X«CHi) 




(CONH2 



HO OH 

; .PL 



BDD 




PONH2 



HO OH 




O 9 ?"3 9" O 

o-^-CHaJ-o^ 

►H OH 



C2-MAD 



G4-MAD 




or its pharmaceuticaliy acceptable salt or prodrug thereof, wherein X is 
oxygen, sulfur, methyl^e, monofluoromethylene or difluoromethylene. 



17, A phaimaceutical composition for the treatment or prophylaxis of a Flaviviridae 
infection in a host, comprising an effective amount of a compound of the 
formula: 
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OH OH 



NH2 



OH OH 

0 o 




or its phannaceudcally acceptable salt or prodrug thereof, in combination 
with one or more other antivirally effective agent, optionally in a 
pharmaceutically acceptable carrier or diluent. 

18. A pharmaceutical composition for the treatment or prophylaxis of a Flaviviridae 
infection in a host, comprising an effective amoimt of a compound selected from 
the group consisting of the following: 



ZZMyentbaudk alcohol CMAyoapmom alcotol 

3*ffAlodipI(R»-R"-H) C444PAIa»l»I(R»»-R"-fO 
Seosyl C24UP Alcohol (R» « haajk R" » H) 



CH3 



CH3 O o 




CHgi 



O R"o 




:H3 



C24klycoplnwlic ildehydc 
OJtfPAIdebjdeCR"-!!) 



OR^ O 




a-MycophcnoBc acid 
a.MPAeid(R'* = R"-H) 



9H3 9 R O 




CH. 



H3 



C4-MyecpbaD»lio aUefaydo 
C4^PAUeh7deCR'*-lQ 



CH3 OR^« o 

OUMycophenolic add 
C4-MPAdd(R'®-R"«-H) 



CH3 O R^'^o 



CH3 

CS-MycoidKiioBc alcobo) 
OS-MP Akdie] (R" « R" - JO 



CH3 O R"* O 
CH3 

C3&. VIyeapta»fic aldehyde 
Ofr-MPAlifebyde(R'*»iq 



% 



C6-Mycoplicaols acid 

MP methyl esler(R'° » H, R'*^ Mc) 



or its phaimaceutically acceptable salt or prodrug thereof; wherein 
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each R^** and R" is indq)endently hydrogen, alkyl, acyl, benzyl or 
methoxymethyl (MOM) group, and each R*^ is indqpendently hydrogai, alkyl or 
aryl; * , 

in combination wth one or more other antivirally effective agent, 
optionally in a phannaceutically acceptable carrier or diluent. 



19. A pharmaceutical composition for the treatment or prophylaxis of a Flaviviiidae 
infection in a host, comprising an effective amount of a compound selected from 
the group consisting of the following: 



u 



0 



CH3 



OR'»o 



CH3 




0 CH3 0 R** o 
CH3U 




o 



O 

a-MPAr<Wtf eayl (R"« H; »»' » CH,) 
BcMyM3-MPAO.Me3yl(R"«b«?yl; R'*- CH,) 






'CH3 






& 










CH^ 








CH3 



or its pharmaceutically acceptable salt or prodrug thereof; herein 

each R'® is independently hydrogen, alkyl, acyl, benzyl or me&oxymethyl 
(MOM) group; 

each R*^ is independently hydrogen, alkyl or aryl; and 

r" is lower alkyl (i.e. a Ci, C2, C3, C4, C5 or Ce alkyl), lower alkenyl (i.e. 
a C2, C3, C4, C5 or Cg alkaiyl), lower aBcynyl (i.e. a Ca, C3, C4, C5 or Qs alkynyl) 
braCs-CscycIoalkyl; 

in combination with one or more other antivirally effective sgent, 
optionally in a pharmaceutically acceptable carrier or diluent. 
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20- A phannaceutical composition for the treatmoit or prophylaxis of a naviviridae 
infection in a host, comprising an effective amount of a compound selected from 
the group consisting of the following: 



or its phannaceuticaUy acceptable salt or prodmg thereof; wherein 
each R*^ is independently hydrogen, alkyl, acyl, benzyl or methoxymethyl 
(MOM) group; 

in combination with one or more other antivirally effective agent, 
optionally in a phannaceutically acceptable carrier or diluent. 
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A phannaceutical composition for the treatment or prophylaxis of a Flaviviridae 
infection in a host, comprising an effective amount of a compound selected from 
the group consisting of the following: , 




or its phannaceutically acceptable salt or prodrug thereof, wherein 

X is oxygen, sulfur, methylene, monofluoiomethylene or 
difluoromethylene; and 

each R^*^ is mdependently hydrogen, alkyl acyl, benzyl or methoxymethyl 
(MOM) group; and 

each R'^ is independently hydrogen, alkyl or aryl; 

in combination with one or more other antivirally effective agent, 
optionally in a phannaceutically accq)table cairier or diluent. 
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22. 



A method for the treatment or prophylaxis of a Flaviviridae mfection in a host, 
comprising administering an effective amount of a compound of the fonnula (T): 

OH OH 



TO 



0 O 



a) 

or its phamiaceutically acceptable salt or prodrug thereof; wherein 
Ris 



OH OH 




-|-(CH2)i 




or 




H]CO 



(V) 



X is oxygen, sulfur, methylene, monofluoromethylene or 
difluoromethylraie; 

Y is hydrogen, halogen (F. CI, Br, I), NH2. NHR*, NRV. NHOH, 
NHOR^ NH^ffl2, NR*^2, NH>1HR*, SH, SR*, OH or OR"^; 

Z is hydrogen, halogen (F, a Br, 1), NH2. MHR*. NR*R'. NHOH, 
NHOR*. NHNH2, NR*NH2, NHNHR^ SH. SR*. OH, or"; 
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W^-W* are same or different, and independently methyne (-CH-), 
azomethync (-N^*) or sulliir; 

W^-W^ are same or different, and independently methyne (-CH=) or 
azomethyne {-N=); 

R^ and R* are independently hydrogen, hydroxy! or fluorine; 

R^ is halogen (F, CI, Br, I), CN, CONH2, COJVIe, COzEt or CO2H; and 

R^, R^, R^ and R^ are mdependently a lower alkane or alkene of 1, 2, 3, 4, 
5 or 6 carbons or aryl or aralkyl; 

wherein Ae compound is specifically not tia2ole-4-carboxainide adenine, 
dinucleotide (TAD) or benzamide adenine dinucleotidfi (BAD); 

optionally in a phaimaceutically acceptable carrier or diluent. 
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23. The method of Qaim 22, wherein the compoxmd of fonnula (J) is selected from 
the group consistiiig of the following: 




0NH2 



HO OH 



Bii^boipboaate) nalognes of BAD 
X-CHa«CF2 




PONH2 



HO OH 




C2.MAD 




0 O i — j 




,C0NH2 



BiBtpbosplunate) analcffies of TAD 



HO OH 




HO OH 




oJ-CHaJf-o, 
Oh oh 



CH3 OH o 




CH; 



G4.MAD 



or its phaimaceutically acceptable salt or prodrug thereof; wherein X is 
oxygen, sulfur, methylene, monofluoromethylene or difluoromethylMie, 



24. A method for the treatment or prophylaxis of a Flaviviiidae infection m a host, 
comprising administering an effective amount of a compound of the formula: 

OH OH 




NH2 



OH OH 

0 o 
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or its phannaceutically acceptable saH or prodrug thereof, optionally in a 
phannaceuticaUy acceptable carrier or dihient. 



25, A method for the treatment or prophylaxis of a Flaviviridae infection in a host, 
comprising administering an eflfective amount of a compound selected from the 
group consistmg of the following: 



CHaP-V^ 

CH3 



aJilP Alcohol <R*«-R»-«) „ ^ 
tenzyl Cl-MP Alooliol (R."* = benijU R" = H) 




CH3 O p 

H3 

Ct-MycopheoQlIc tlcotol 
0««P Alcohol (R"»-R"-H) 



CH3 O R'"^ o 




:H3 




Ha 



C2-MycoplieiM>lic stdehyde 
CJ-MPAWchydo(R"-H) 



CM^ycqitoioKc aldehyde 
CUJLP Aldehyde (R" = H) 



OR^** O 




Cl 



C2>MycopbenoIk acid 
C^MPAcid(R"»R"»H) 



R«0 



CH, OR^** o 

C4<MycoiiiieBoUc add 
O^-MPAdlKR^-R"-*!) 



CH3 O R"o 

CS-Mycopboolte slcohcd 
C6^PAfcohd(R'»-R"-H) 



CH3 

Cfi-MyeoptaioUc aldehyde 
C6-MPAIdBkyde(R^-H] 



C6-Mycopltenolie acid 

MPACR'*=R"-H) 

MP methyl csterCR*^- H.R"='Mo) 



or its phannaceutically acceptable salt or prodrug thereof; wherein 

each R^*' and R^' is independently hydrogpn, . alkyU acyl, ben2yl or 
methoxymethyl (MOI^ group, and each R^^ is independently hydros 

aiyl; 

optionally in a phannaceutically acceptable carrier or diluent. 
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26. A method for the treatment or prophylaxis of a Flaviviridae infection in a host, 
comprising administering an effective amount of a componnd selected from the 
group consisting of the following: 



O CH3 




OR 0 



CH3 



0 CH3 
CH. 



OR™ 




O R"o 




0 R" 




o 

4- 



CH, 



OR'" 



CH; 



Bozyl-a-MPA-O-Meayl (R" « beniyl; R" » OiO 



or its phannaceuticafly acceptable salt or prodrug thereof; wherein 

each R^*' is independently hydrogen, alkyl, acyl, benzyl or methoxymethyl 
(MOM) group; 

each R'^ is independently hydrogen, alkyl or aiyl; and 

r" is lower alkyl (i,e. a Ci, C2, C3, C4, C5 or Ce alkyl). lower alkcaiyl (uc. 
a C2, C3, C4, Q or C6 alkenyi), lower alkynyl (i.e, a C2, C3, C4, Cs or C6 alkynyl) 
or a Cj-Cs cycloalkyt 

optionally in a phannaceutically acceptable carrier or diluent 
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A method for the treatment or prophylaxis of a Flaviviridae infectioi) in a host, 
comprising aininistering an effective amount of a compound selected from the 
group consisting of the fiDllowing: 







OR'^O 




CH3 


0R'°o 














CHaO-V^ 

CH3 

Mycoptoencthane CR." = H) 


Mycophen-JHOrthjlbuianBCR" ■ H) 




CH3 

MycopbefrS-nethyDwuite (R" » t ) 




OR"0 






















CHjO^ 






CHjiO^ 


CH3 




Gl-Mycupbemtheoe (R" » beiizyl) 




Mycopltcidietcne CR'"" H) 





or its pharmaceutically acceptable salt or prodrug thereof; wh^ein 

each R'*^ is independently hydrogen, alkyl, acyl, benzyl or methoxymcthyl 
(MOM) group; 

optionally in a pharmaceutically acceptable carrier or diluent 
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A method for the treatment or prophylaxis of a Flaviviridae infection in a host, 
comprising administering an effective amount of a compound selected ftom the 
groiip consisting of the following: 




or its pharmaceutically acceptable salt or prodrug thereof, wherein 

X is oxygen, sulfiir, methylme, monofluoromethyleae or 
difluoTomethylene; and 

each R^** is independently hydrogen, alkyl, acyl, benzyl or mcthoxymethyl 
(MOM) group; and 

each R^^ is independently hydrogen, alkyl or aryl; 

optionally in a pharmaceutically acceptable carrier or diluent. 
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29. A method for the treatment or prophylaxis of a Flaviviiiaae infection in a host, 
comprising administering an effective amount of a compoimd of the formula (I): 



\ OH OH 
7— 0-P-X~P-< 



II II 

o o 



00 

or its phaimaceuticaUy acceptable salt or prodrug thereof; wherein 
Ris 




OH OH 

cn) 



R- 



! 1^ 



'3 



OH OH 

an) 



-|-(CH2fe 




HiO 



or 




(V) ; 

X is oxygen, suliiir, methylene, monofluoiomethylene or 
difluoromethylene; 

Y is hydrogen, halogen (F, CI. Br, I). NH2, NHR*, NR«R', NHOH, 
^HOR^ IfflNHj, NR^2. NHNHR*, SH, SR*, OH or OR^ 

Z is hydrogen, halogen (F, CI, Br, I), NH2. NHR?. NR^, NHOH, 
NHOR', NHNHj, NR^^z, NHNHR*, Sa SR*. OH, 0R»; 
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W'-V are same or diflfeient, and independently methyne (-CH=), 
azometfayne (-N=) or sulfvir, 

W^-W^ are same or different, and independently methyne (-CH=) or 
azomethyne (-N=); 

R^, R^ and R^ are independently hydrogen, hydroxy] or fluorine; 
r5 is halogen (F, Q, Br, I), CN, CONH2, C02Me, COzEt or CO2H; and 

R^ R^, R* and R^ are independently a lower alkane or aftme of 1, 2, 3, 4, 
. 5 or 6 carbons or aryl or aralkyl; 

wherein the compound is specifically not tiazole-4-carboxamide adenine 
dinucleotide (TAD) or benzamide adenine dinucleotide (BAD); 

in combination or alternation with one or more other anSvirally efifective 
agent, optionally in apharmaceutically acceptable canio" or dihient 
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30. The method of Claim 29. wherein the compound of fonnula (I) is selected firom 
the group consisting of the following: 



OH" 




HGOH 



Bfaftabondxnate) analoffics oTBAD 
X-CHj«rCFa 



NH2 



HO OH 




o 9" g 

'-CH2— S-O^ 



C2-MAD 





0 O i — , 



6h Ah 



iHa 




;0NH2 



Bb[^Mfli>lioaBlB} nuilogiies ofTAD 
p.CHrTADCX«CHi} 




,C0HH2 



HO OH 




C4-MAD 



or its pharmaceutically acceptable salt or prodrug thereof, wherein X is 
oxygen, sulfur, methylene, monofluoromethylene or difluoromethylene. 



3L 



A method for the treatment or prophylaxis of a Fla%'iviridae infection in a host, 
comprising administering an effective amount of a compound of the formula; 



OH OH 




OH OH 
O o 
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01 its pharmaceiitically acceptable salt or prodrug thereof in combination 
or alternation with one or more othcx antivirally cflFcctivc agent, optionally in a 
phannaceutically acceptable carrier or diluent. 

32. A method for the treatment or prophylaxis of a Flaviviridae mfection in a host, 
comprising administering an effective amount of a compound selected from the 
groiq) consisting of the following: 




or its phannaceutically acceptable salt or prodrug ihereof; wherein 

each and R" is independently hydrogen, alkyl, acyU benz}d or 
methoxymethyl (MOM) group, and each R^^ is independently hydrogen, alkyl or 

aryl; 

in combination or alternation with one or more other antivirally effective 
agent, optionally in a pharaiaceutically acceptable carrier or diluent 
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33. A method for the treatment or prophylaxis of a Flaviviridae infection m a host, 
comprising administering an effective amount of a compound selected from the 



--"^^ 



or its pharmaceutically acceptable salt or prodrug thereof; wherein 

each R^^ is independently hydrogen, alkyl. acyl, benzyl or methoxymethyl 
(MOM) group; 

each R^^ is independently hydrogen, alkyl or aryl; and 

r" is lower aDcyl (i.c. a Ci, C2, C3, C4. Cj or Ce alkyl), lower alkenyl (i.e. 
a C2, C3, C4, C5 or Q alkenyl), lower alkynyl (ie. a C2, C3, C4, C5 or C6 alkynyl) 
oraCs-Cgcycloalkyl; 

in combination or altanation with one or more other antivirally effective 
agent, optionaUy in a pharaiaceutically acceptable carrier or diluent. 



group consisting of the following: 




C24WPAraMay« (R"= H; R" « CH,) 
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34, A method for the treatment or prophylaxis of a Flaviviridae infection in a host, 
comprising administering an effective amount of a compound selected from flic 
group consisting of the following: 







CH3 0 0 






^^^-^^^^^^ 






CH30-'"Y^ 










My«opIiea-3-inethy1hKme (R" - 1 f 




CH3 


0 0 










CHaO^ 




CH3 




CZJ^ycophenelheae (R,"- benzyl) 


Mycophciibexese (R*^- H) 



or its phamaceutically acceptable salt or prodrug thereof; wherein 
each R^^ is independently hydrogen, alkyl, acj4, benzyl or methoxymefliyl 
(MOM) group; 

in combination or altanation with one or more otiier antivirally effective 
agent, optionally in aphannaceutically acceptable carrier or diluent 
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A method for the treatmeat or prophylaxis of a Flaviviridae infectioii in a host, 
. compiismg administering an effective amount of a compound selected from the 
group consisting of the follov^ring: 




or its phamaceutically acceptable salt or prodrug thereof, wherein 

X is oxygen, sulfiar, methylene, monofluoromethylene or 
difluoiomethylene; and 

each R^** is independently hydrogen, alkyl, acyl, benzyl or methoxymefliyl 
(MOM) group; and 

each R^^ is independently hydrogen, aDcyl or aryl; 

in combination or alternation with one or more other antivirally effective 
^ent, optionally in a pharmaceutically acceptable carrier or diluent 
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36. A method for the treatment or prophylaxis of abnonnal cellular proliferation in a 
host, comprising administering an effective amount of a compound of the 
fonnula(I): 



R' 



\ OH (^H 
J-O-P-X-P-O-R 

o o 



(I) 

or its phannaceuticaUy.accq)table salt or prodrug thereof; wherein 
Ris 



To 



OH OH 



OH OH 
(DDO 




or 




(V) ; 

X is oxygen, sulfur, methylene, monofluoromethylene or 
difluoromethylene; 

Y.is hydrogen, halogea (F. CI, Br. 1), NH2, ^1HR^ NRV, NHOH, 
lsraOR*.NHNH2,NR*NH2,NHNHR*.SH,SR*,OHorOR^ 
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Z is hydiogen, halogen (F, CI, Br, I), NH2, NHR', NR'R', NHOH, 
.NHOR^ NHNH2, NR*NH2, NHNHR^ SH, SR^ OH, OR*; 

W^-W^ are same or different, and independenlly methyne C-CH=), 
azomethyne (-N=) or sulfiff; 

W^-W^ aie same or different, and independently methyne (-CH=) or 
azomethyne (-N=); 

r\ R^ and R^ are indq>endently hydrogen, hydroxyl or fluorine; 
is halogen (F, Q, Br, I), CN, CONH2, COzMe, COzEt or CO2H; and 

R^, R\ and R^ are independently a lower alkane or alkene of 1, 2, 3, 4, 
5 or 6 carbons or aiyl or aralkyl; 

wherein the confound is specifically not tiazole-4-carboxamide adenine 
dinucleotide (TAD) or bcnzamide adenine dinucleotide (BAD); 

optionally in a phaimaceutically acceptable carrier or diluent. 
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37. The method of Claim 22, wherein the compound of fonnnla (I) is selected from 
the group consisting of the following: 



"HO OH" 



Bis(pfa(»pboiaie) sDatognei of BAD 
X-CHioiCh 




CONrta 

o o i — r 



F«npCHrBAD 



HO OH 




0 0 9" P 

oJ-CHjJ-O^ 

6h oh 




CH 



C2-MAD 




jCONHa 



Bis(phoaidu»Dftte) raslogues of TAD 
^CHrTADpC-CHJ 




hAoh 



,C0NH2 



BDD 



HO OH 



CHj OH o 




C4-MAD 



OT its pharmaceuticaUy acceptable salt or prodrug thereof wherein X is 
oxygen, sulfur, methylene, monofluoromethylene or difluoromethylene. 



38. A method for the treatment or prophylaxis of abnormal cellular proHferation in a 
host, comprising administering an effective amount of a confound of the 
formula: 
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OH OH 

NH2 

or its pharmaceutically acceptable salt or prodrug thereof, optionally in a 
pharmaceutically acceptable carrier or diluent. 



A method for the treatment or prophylaxis of abnormal cellular proliferation in a 
host, comprising administering an effective amount of a compound selected kom 
the group consisting of the following: 



r" 9 


CH3 0 0 

"^^^ 


CH3 0 R'°o 




CH3 


CH3 


rZ-Mycopbeaolic ikohot 

a-MPAIcoliol(R'«-R"-H) 

ienzyl Q-MP Alcohol (R"* = benzyrl; R" = H) 


C4-Mycaphaiolic iloobol 
C4-MP Alcohol CR" » R" - H) 


C6-MP Akdfaoi {R*» R" - 10 


1 ""^ 


CH3 0 0 


CH3 0 R^' 0 


CH3 

a-Mjcspkesolic allibyde 
a-MPAIiiebyde(R"-H) 


C4.Myooptiettolic aUelv^e 
C4-MPA]deliydc(R"->H) 


CH3 

Cfi^ycopfacaolis aUahyd* 
C6JWAUd)yde(R"-H) 


OR"o . 


CH3 OR« 0 


CH3 0 R'^ 0 






CH3 


Q>MyeflpIiesaUe acid 


C4>Mycop1itodfe acid 


C6•^fycopbendic acid 

MPA(R**-R°-H) 

MP metiyl eiter(R" - aft"- Me) 



or its pharmaceutically accq)table salt or prodrug thereof; whoein 
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each R'^ and R" is indqjendently hydrogen, alkyl, acyl, benzyl ot 
. methoxymcthyl (MOM) group, and each R" is independently hydrogen, alkyl or 
aryl; * 

optionally in a pharmacseutically acceptable carrier or diluent 

40. A method for the treatment or prophylaxis of abnormal cellular proliferation in a 
host, comprising administering an effective amount of a compound selected from 
the group consisting of the following: 




a-MPA-O-Moyl (R» - H; R" - CH,) 
BaayMa-MPA^Moyl (R**« benayl; - CH|) 



or its phannaceutically acceptable salt or prodrug thereof; wherem 
each is independently hydrogen, alkyl, acyl, benzyl or methoxymethyl 
(MOM) group; 

each R*^ is independently hydrogen, alkyl or aryl; and 

r" is lower alkyl (i.e. a Ci, C2, C3, C4. C5 or Ce alkyl), lower alkenyl (i.e. 
a C2. C3, C4, C5 or C6 aflteayl), lower alkynyl (i.c. a C2, C3, C4, C5 or d aDcynyl) 
oraCa-Cgcycloalkyl; 

optionally in a phannaceutically acceptable carrier or diluent. 
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41 . A method for the treatment or prophylaxis of abnormal cellular proliferation in a 
host, comprising administOTng an effective amount of a compoimd selected ftom 
the group consisting of the following: 





CH3 


0 R^O 
















CHaO-V^ 
MycoptoKtlianB (R" - H) 


Mycophen-imelbylbiaaiie (R" « «) 




Mycaphn-SHiiitkyllwiane (R** - 11 f 




OR^'^O 




CH3 






& 








CHaCr^ 


CHa 




CHsO-^ 




CZ-MycoitaKaiaie (ft" - beazyO 




Myvopbenhexeae (R" H) 



or its phannaceutically acceptable salt or prodrug thereof, wherein 
each is independently hydrogen, alkyl, acyl, benzyl or methoxymethyl 
(MOM) group; 

optionally m a pharmaceutically acceptable carrier or diluent. 
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42. A method for the treatment or prophylaxis of abnormal cellular proliferation in a 
host, comprising administering an effective amount of a compound selected from 
the groitp consistihg of the following: 





C4-MPAlcoh(>l-eth>iendn9(pho5phoiiate) 




or its pharmaceutically acceptable salt or prodrug thereof, wherein 

X is oxygen, sulfur, methylene, monofluoromethylene or 
diiluoromethylene; and 

each is independently hydrogen, alkyl, acyl, benzyl or methoxymethyl 
(MOM) group; and 

each R^^ is independently hydrogen, alkyl or aiyl; 

optionally in a pharmaceutically acceptable earner or diluent 
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43. A method for the treatment or prophylaxis of abnormal cellular proliferation in a 
host, comprismg administering an effective amount of a compound of the 
formula (I): 



> Pi oh oh 



(D 



or its phannaceutically acceptable salt or prodrug thereof; wfaerrin 
Ris 











OH OH 


OH OH 




m 



-|-(CH:)j 




or 




(V) 



X is oxygeaa, sulfur, methylene, monofluoiomethylene or 
difluoromethylene; 

Y is hydrogen, halogen (F, CI. Br. I), NH2, NHR^ NR*R'. NHOH, 
NHOR^ NHNH2, NR*NH2, NHNHR*, SH, SR*, OH or OR^ 
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Z is hydrogen, halogen (F, CI, Br, 1), NH^, NHRS NR'R^ NHOH, 
NHOR^ NHNH2, NR^2, NHNHR^ SH, SR^ OH, OR'*; 

W^-W* are same or difTerent, and mdepeadeatly methyne (-CH=), 
azomethyne (-N=) or sulfur; 

W^-W^ are same or different, and independently methyne (-CH=) or 
azomethyne (-N=); 

r' , R^, R^ and R^ are ind^endently hydrogen, hydroxy! or fluorine; 

r' is halogen (F, Q, Br, I), CN, CONH2, COzMe, COzEt or CO2H; and 

R^, r\ R^ and R' are independently a lower alkane or alkene of 1, 2, 3, 4, 
5 or 6 carbons or aryl or aralkyl; 

wherein the compound is specifically not tia2ole-4-carboxamide adoiine 
dinucleotidc (TAD) or bcnzamide adenine dinucleotide (BAD); 

in combination or alternation with one or more other effective 
antiproliferative agent, optionally in a pharmaceutically acceptable carrier or 
diluent 
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44. The method of Claim 29, wherein the compound of formula (I) is selected from 
the group consisting of the foDowing: 



Bis(piioaiAoiate) amOoptei of BAD 
XoCHjOrCFa 



HO OH " 



HO OH 




h66h 



F-flfB<CBrBAD 



,CONH2 



HO OH 




0 Q OH 

O-f-CHj-P-O^ 
H OH 



C2-MAD 





PONHJ 



Bis<plidsphonate) analoBMS of TAD 
IK:Ha-TAD(X-CH:) 



HO OH 



BDO 



HO OH 




C4-MAD 



or its pharmaceutically acceptable salt or prodrug thereof; wherein X is 
oxygen, sulfur, methylene, monofluoromethylaie or difluoromethylene. 



45. A method for the treatment or prophylaxis of abnormal cellular proliferation in a 
host, com^sing administering an effective amount of a compound of the 
formula; 
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OH OH 

1^ 



NH2 



OH OH 

o-j;-CH-P-q 
o o 




or its phaimaceutically acceptable salt or prodrug thereof, in combination 
or alternation with one or more other effective antiproliferative agent, optionally 
in a phaimaceutically accq)table carrier or diluent. 



46. A method for the treatment or prophylaxis of abnormal celhilar proliferation in a 
host, comprising administering an effective amount of a compound selected from 
the group consisting of the following: 



2-Mycopbaidic aieobol 

2.MP Alcohol (R"-R"-H) 

teazyl C^MP Alcoliol (R"" - benzjl; R" « H) 



CH3 



OR^O 



CH3 



<iH3 



C4-MyooplKo6lic akobol 
C4-MP Alcohol (R" » R" - H) 



O R-o 

C2>Mytq}benoIic aWehydc 
C-MP Aldehyde (R"«IO 



CH3 




CH. 



H3 



C4^yeopheaofic aUdiyde 
C4-MPA]d8hydB(R'°»H) 



CH. 



C2-M9COpheitoUc »cid 
a.MPAci<l(R»-R"-H) 




RttQ 



CH3 0R'° 0 
CH3 



C44y4ycopdeDoiic acid 
C4-MPAddCR"'»R"«H) 



CH3 0 R'^o 
OS^ycopheodic tlooiiol 



OR"o 



C6-Mycoplieiiolic aUdqrife 
C6-MPAUcbyd9(R'°-H> 



CH3 



C6-Myccpfaenolic acid 

MPA(R"-R°-m 

MP methyl ena (R" ■ H. R"" Mc> 



or its phannaceutically acceptable salt or prodrug thereof wherein 
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each and R" is independently hydrogen, alkyl, acyl, benzyl or 
methoxymcthyl (MOM) group, and each R^^ is independently hydrogen, alkyl or 



in combination alternation with one or more other effective 
^proliferative agent, optionally in a phaimaceutically acceptable carrier or 



A method for the treatment or prophylaxis of abnormal cellular proliferation in a 
host, comprising administering an effective amount of a compound selected from 
the group consisting of the following: 



or its phannaceutically acceptable salt or prodrug thereof wherein 
each is independently hydrogen, alkyl, acyl, benzyl or methoxymethyl 
(MOM) group; 

each R^^ is independently hydrogen, alkyl or aryl; and 

is lower alkyl (i.e. a Ci, C2. C3, C4. Cs or Ce alkyl), lower alkenyl (i.e. 
a C2, C3, C4, C5 or 06 alkenyl), lower alkynyl (i.e. a C2, C3, C4, C5 or Cs alkynyl) 
oraCs-Cgcycloalkyl; 



aryl; 



dihient. 
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in combination or alternation with one or more odier effective 
antiproliferative agent, optionally in a phaimaceutically acceptable carrier or 
diluent. 

48. A method for the treatment or prophylaxis of abnormal cellular proliferation in a 
host, comprising administering an effective amount of a compound selected from 
the group consisting of the following: 







9R"o 




CHa 0 R" 0 






& 






CHgO-'^N^^ 


CHaO-^ 






CH3 


Mycopbcnahane (R" » H) 


HyeophoKS-oietkylbutantt (R" » H} 




Mycopliai-3-iiietiiytJiBxane (R** £ ) 




0 R^^o 




CH3 




















CHsO^ 




a-Mycophcnediene • ben^ 




Mycopbenhexene (R" - H) 



or its phaimaceutically acceptable salt or prodrug thereof; whwein 

each is mdependently hydrogen, alkyl, acyl, benzyl or methoxymethyl 
(MOM) group; 

in combination or alternation with one or more other effective 
antiproliferative agent, optionally in a pharmaceutically accq)table carrier or 
diluent. 
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A method for the treatment or prophylaxis of abnormal ceUular proliferation in a 
host, comprising administering an effective amount of a componnd selected from 
the group consisting of the following: 




or its phannaceutically acceptable salt or prodrug thereof wherein 

X is oxygen, sul&i, methylene, monofluoromethylene or 
difluoromethylene; and 

each is independently hydrogen, alkyl, acyl, benzyl or niethoxymethyl 
(MOM) group; and 

each R^^ is independently hydrogen, aDcyl or aryl; 

in combination or alternation with one or more other effective 
antiproliferative agent, optionally in a pharaiaceutically acceptable carrier or 
diluent. 

50. The method of any one of Clauns 22-49, wherein the host is a human. 

51. Use of an effective amount of a compound of any one of claims 1-7 or its 
jdiarmaceutically acceptable salt or prodrug thereof, optionally in a 
phaimaceutically acceptable carrier or diluent, for use in medical therapy. 
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52. Use of aa effective amount of a compound of any one of claims 1-7 or its 
phaimaceutically acceptable salt or prodrug thereof, optionally in a 
pharmaceutically acceptable earner or diluent, for the treatment or prophylaxis of 
a Flaviviridae infection in a host 

53. Use of an effective amount of a compound of any one of claims 1-7 or its . 
pharmaceutically acceptable salt or prodrug thereof, in combination or aitemation 
with one or more other anti vitally effective agent, optionally in a 
pharmacentically acceptable carrier or diluent, for the treatment or prophylaxis of 
a Flaviviridae infection in a host. 

54. Use of an effective amount of a compound of any one of claims 1-7 or its 
pharmaceutically acceptable salt or prodrug thereof, optionally in a 
phannaceuticaily acceptable carrier or diluent, in the manu&cture of a 
medicament for the treatment or prophylaxis of a Flaviviridae infection m a host 



55. Use of an effective amount of a compound of any one of claims 1-7 or its 
phaimaceutically acceptable salt or prodrug thereof^ in combination or aitemation 
with one or more other antivirally effective agent, optionally in a 
phaimaceuticaUy acceptable canier or diluent, in the manufacture of a 
medicament for the treatment or prophylaxis of a Flaviviridae infection in a host. 
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56. 



Use of an effective amount of a compound of the formula: 
OH OH 
^O" 



OH OH 



NH2 



OH OH 
O-P— CH2— P-Q 
0 



11 
O 



HaCO- 




or its phannaceutically acceptable salt or prodrug thereof, optionally in a 
phannaceutically acceptable carrier or diluent, for the treatment or prophylaxis of 
a Flaviviridae infection in a host. 



S7. Use of an effective amount of a compound of the foxmula: 



OH OH 



OH 



OH 



O-P-CH2— P-Q 
II II ^ 

0 0 




NH2 



or its phannaceutically acceptable salt or prodrug thereof in combination 
or alternation with one or more other antivirally effective agent, optionally in a 
phannaceutically acceptable carrier or diluent, for the treatment or prc^hylaxis of 
a Flaviviridae infection in a host. 



58. Use of an effective amount of a compound of the formula: 



OH OH 

^ L-O-P— CH2-P-Q 



NH2 



II 
O 



8 



H40 
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' or its phannaceutically acceptable salt or prodrug thereof optiojially in a 
pharmaceutically accqstablc carrier or dilucat, in the manu&cture of a 
medicament for the treatment or prophylaxis of a Haviviridae infection in a host. 

59. Use of an effective amount of a compound of the formula: 



OH OH 




or its pharmaceutically acceptable salt or prodrug thereof, in combination 
or alternation with one or more other antivirally effective agent, optionally in a 
pharmaceutically acceptable carrier or diluent, in the manufacture of a 
medicament for the treadnent or prophylaxis of a Flaviviiidae infection in a host. 

60. Use of an effective amount of a compound of any one of claims 1-7 or its 
pharmaceutically acceptable salt or prodrug thereof, optionally in a 
pharmaceutically acceptable carrier or diluent, for the treatment or prophylaxis of 
abnormal cellular proliferation in a host. 

61. Use of an effective 'amount of a compound of any one of claims 1-7 or its 
pharmaceuticaUy accqstable salt or prodrug &ereo:^ in combination or alternation 
mib one or more other effective antipiolif^ative agent, optionally in a 
pharmaceutically acceptable carrier or diluent, for the treatment or prophylaxis of 
abnormal cellular proliferation in a host 

62. Use of an effective amount of a compound of any one of claims 1-7 or its 
pharmaceutically acceptable salt or prodrug thereof, optionally in a 
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phannaceutically acceptable carrier or diluent, in tbe manufacture of a 
medicament for the treatment or prophylaxis of abnormal cellular proliferation m 
a host ' f 

63. Use of an effective amount of a compound of any one of claims 1-7 or its 
phannaceutically acceptable salt or prodrug thereof, in combination or alternation 
witb one or more other effective antiproliferative agent, optionally in a 
phannaceutically acceptable carrier or diluent, in the manufacture of a 
medicament for the treatment or prophylaxis of abnormal cellular proliferation in 
a host. 

64. Use of an effective amount of a compound of the formula; 



or its phannaceutically acceptable salt or prodrug thereof, optionally m a 
phannaceutically acceptable carrier or diluent, for the treatment or prophylaxis of 
abnomaal cellular proliferation in a host 

65. Use of an effective amount of a compound of the formula; 



OH OH 




H3C 



NH2 
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or its pliannaceuticaUy acceptable salt or prodrug thereof^ in combination 
or alternation with one or more other efTective antiproliferative agent, optionally 
in a phannacenticaliy acceptable carrier or diluent, for the treatment or 
prophylaxis of abnonnal cellular proliferation in a host. 

66. Use of an effective amount of a compound of the formula: 

OH OH 




or its phaimaceutically accq)table salt or prodrug thereof, optionally in a 
pharmaceutically acceptable carrier or diluent, in the manufacture of a 
medicament for tbe treatm^t or prophylaxis of abnormal cellular proliferation in 
a host. 

67. Use of an effective amount of a compound of the formula: 

OH OH 




or its pharmaceutically acceptable salt or prodrug thereof, in combination 
or alternation with one or more other effective antiproliferative agent, optionally 
in a pharmaceutically acceptable carrier or diluent, in the manufacture of a 
medicament for the treatment or prophylaxis of abnonnal cellular proliferation in 
a host. 
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68. The use of any one of claims 51-68, wherein the host is a human. 
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(N (54) Title: ANTIVIRAL AGENTS FOR TREATMENT OF FLAVTVIRIDAE INFECTIONS 

o 

^ (57) Abstract: The disclosed invention is a composition for and a method of meating Flaviviridae (Hepacivirus, Flavivims, Pes- 
^ tivims) infections, including BVDV and HCV, and abnormal cellular proliferadon in a host, including animals, and especially hu- 
^ mans, using a small molecule or its pharraceutically acceptable salt or prodrug. 



